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Abstract 
In this age of rapidly evolving technology, teachers are encouraged to adopt ICTs by 
government, syllabus, school management, and parents. Indeed, it is an expectation that teachers 
will incorporate technologies into their classroom teaching practices to enhance the learning 
experiences and outcomes of their students. In particular, regarding the science classroom, a subject 
that traditionally incorporates hands-on experiments and practicals, the integration of modern 
technologies should be a major feature. Although myriad studies report on technologies that 
enhance students’ learning outcomes in science, there is a dearth of literature on how teachers go 
about selecting technologies for use in the science classroom. Teachers can feel ill prepared to 
assess the range of available choices and might feel pressured and somewhat overwhelmed by the 
avalanche of new developments thrust before them in marketing literature and teaching journals. 
The consequences of making bad decisions are costly in terms of money, time and teacher 
confidence. Additionally, no research to date has identified what technologies science teachers use 
on a regular basis, and whether some purchased technologies have proven to be too problematic, 
preventing their sustained use and possible wider adoption.  
The primary aim of this study was to provide research-based guidance to teachers to aid 
their decision-making in choosing technologies for the science classroom. The study unfolded in 
several phases. The first phase of the project involved survey and interview data from teachers in 
relation to the technologies they currently use in their science classrooms and the frequency of their 
use.  
These data were coded and analysed using Grounded Theory of Corbin and Strauss, and 
resulted in the development of a PETTaL model that captured the salient factors of the data. This 
model incorporated usability theory from the Human Computer Interaction literature, and education 
theory and models such as Mishra and Koehler’s (2006) TPACK model, where the grounded data 
indicated these issues. The PETTaL model identifies Power (school management, syllabus etc.), 
Environment (classroom / learning setting), Teacher (personal characteristics, experience, 
epistemology), Technology (usability, versatility etc.,) and Learners (academic ability, diversity, 
behaviour etc.,) as fields that can impact the use of technology in science classrooms. 
The PETTaL model was used to create a Predictive Evaluation Tool (PET): a tool designed 
to assist teachers in choosing technologies, particularly for science teaching and learning. The 
evolution of the PET was cyclical (employing agile development methodology), involving repeated 
testing with in-service and pre-service teachers at each iteration, and incorporating their comments 
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in subsequent versions. Once no new suggestions were forthcoming, the PET was tested with eight 
in-service teachers, and the results showed that the PET outcomes obtained by (experienced) 
teachers concurred with their instinctive evaluations. They felt the PET would be a valuable tool 
when considering new technology, and it would be particularly useful as a means of communicating 
perceived value between colleagues and between budget holders and requestors during the 
acquisition process. It is hoped that the PET could make the tacit knowledge acquired by 
experienced teachers about technology use in classrooms explicit to novice teachers. Additionally, 
the PET could be used as a research tool to discover a teachers’ professional development needs. 
Therefore, the outcomes of this study can aid a teacher in the process of selecting educationally 
productive and sustainable new technology for their science classrooms. 
This study has produced an instrument for assisting teachers in the decision-making process 
associated with the use of new technologies for the science classroom. The instrument is generic in 
that it can be applied to all subject areas. Further, this study has produced a powerful model that 
extends the TPACK model, which is currently extensively employed to assess teachers’ use of 
technology in the classroom. The PETTaL model grounded in data from this study, responds to the 
calls in the literature for TPACK’s further development. As a theoretical model, PETTaL has the 
potential to serve as a framework for the development of a teacher’s reflective practice (either self 
evaluation or critical evaluation of observed teaching practices). Additionally, PETTaL has the 
potential for aiding the formulation of a teacher’s personal professional development plan.  It will 
be the basis for further studies in this field. 
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1 Introduction 
This chapter introduces the problem (1.1), that is the lack of guidance for teachers when 
choosing new technologies for their science classrooms, followed by the definitions of ICT and 
technology used in this study (1.2.1). Section 1.2.2 presents examples of how technologies can be 
used in science teaching and learning and the potential benefits of using these (1.2.3). The actors in 
the choice of new technology in a school are then considered (1.2.4), followed by a brief 
introduction to the existing models that can guide a teacher’s choice (1.2.5). The significance of the 
study is then discussed (1.3), followed by the aims (1.4), the research questions (1.5). Finally, an 
overview of the design is presented in section 1.6 and the structure of the thesis is outlined in 1.7. 
1.1 Overview of the problem 
Teachers are under increasing pressure from government and school management to 
incorporate technology into lessons, but there is little research-based guidance for teachers on how 
to choose effective and appropriate Information and Communication Technologies (ICTs) for a 
science classroom. In 2008, the Melbourne Declaration (Ministerial Council on Education, 2008) 
outlined the educational goals in schooling for young Australians over the next ten years, stating 
that: “successful learners should be creative and productive users of technology, especially ICT”. 
The Australian Curriculum positions ICT as a cross-curricular priority, mandating that:  
Students [must] develop capability in using ICT for tasks associated with information access 
and management, information creation and presentation, problem solving, decision making, 
communication, creative expression, and empirical reasoning. This includes conducting 
research, creating multimedia information products, analysing data, designing solutions to 
problems, controlling processes and devices, and supporting computation while working 
independently and in collaboration with others (Australian Curriculum Assessment and 
Reporting Authority (ACARA), 2012).  
Teachers receive an overwhelming amount of information about new educational 
technology from educational software manufacturers at trade shows, professional development days 
and through catalogues in their mail boxes. So what guidance is available to teachers to aid the 
selection of effective technology for science teaching and learning? How can teachers identify 
appropriate technologies that enhance science learning for their students? At the time when ICTs 
were beginning to appear in schools, Buckleitner (1999) complained that although the usage of 
computers in classrooms was growing steadily, the guidance to teachers from the research on 
evaluating software had been in decline since its peak in 1984 (419 papers listed in the educational 
research database ERIC). Since Buckleitner’s comment, the publications have continued to decline: 
   2 
in 2012, 23 papers were listed in ERIC for evaluating software (22 peer reviewed). Similar results 
are obtained from searching for “evaluating ICT” or “evaluating technology” in ERIC. As can be 
seen from the government policy documents, the pressure on teachers to use technology in 
education has escalated since 1984, so it is problematic that the research into the best methodologies 
for evaluating educational technologies has decreased.  
Lack of available guidance to teachers in choosing technologies can result in costly mistakes 
– costly in terms of money, time and teacher demotivation. There are many reasons why ICTs can 
fail in the classroom, for instance, technologies require the creative skills and educational expertise 
of the teacher to utilise them successfully in the classroom context. Another reason is that the 
software created for the business market does not consider the developmental stages of children 
with regards to literacy and fine motor skills. For these reasons, this project sought to investigate 
how teachers choose new technology for their classroom, and to discover the factors that are 
influential when technology is used in successful science teaching and learning. With this 
knowledge, teachers are better positioned in terms of guidance for choosing and using technology. 
1.2 Overview of technology use in science teaching and learning 
The following section outlines the definition of ICT and technology in this study (1.2.1), 
technologies that can be found in science classrooms (1.2.2), and the educational benefits of using 
these (1.2.3). It then discusses whom in educational institutions can be involved in the decision to 
acquire new technology (1.2.4), and what research models are available to guide the choice (1.2.5).  
1.2.1 Definition of “ICT” and “technology” 
Information and Communication Technology (ICT) is a term for the hardware, software, 
peripheral devices and digital systems that enable data and information to be managed, stored, 
processed and communicated (Queensland Studies Authority, 2007a). Since most equipment used 
in contemporary science teaching and learning is concerned with data management, storage, 
processing and communicating, the acronym ICT is used interchangeably with the term 
“technology” in this study. The word “technology” has many definitions. For example, the Oxford 
English Dictionary defines it as “machinery and devices developed from scientific knowledge” 
(Oxford English Dictionary, 2010). The Queensland “Technology” curriculum subject defines the 
products of technology as being artefacts, systems and environments, that are designed and 
developed to meet changing needs and wants of intended audiences (Queensland Studies Authority, 
2007b). This study is investigating the use of technology in school science teaching and learning, 
and the definition of technology in this context is taken to mean any instrument used in science 
investigation, teaching and learning, other than the usual classroom furniture of desks, chairs, 
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books, pens and paper. In this study, the definition primarily refers to the digital technologies used 
in science investigations, such as dataloggers, though it could also be extended to include more 
traditional equipment used in the science classrooms, such as ball and stick models in chemistry, if 
these were currently being evaluated for use. The following section gives examples of the 
technologies for science teaching and learning that are considered in this study. 
1.2.2 Technologies for science teaching and learning 
The main uses of technology in science teaching and learning are: to collect experimental 
and observational data (e.g., dataloggers), to generate data from “dry lab” situations (e.g., from 
visualisation and simulation software), to provide communication means (e.g., smartphones and 
internet enabled computers) and to provide content knowledge for research activities (devices 
providing internet access such as computers and smartphones). Other commonly used equipment in 
science classrooms includes: digital microscopes, gel electrophoresis kits, colorimeters, and 
robotics. Dataloggers are used to collect primary data in experimental conditions or during 
fieldwork visits, for example collecting oxygen levels in creeks.  Probes are attached to the 
dataloggers which allow the recording of temperature, sound levels, oxygen levels and so on and 
these data can be recorded at timed intervals and stored in the datalogger. The datalogger will also 
allow graphical display so patterns can be observed and considered during the data collection 
process. Digital microscopes are used to provide magnification to view small structures such as 
cells, but in addition to the traditional microscope, the digital version allows the image to be 
projected immediately onto a large screen for viewing by the whole class. The image can be 
recorded for use in student reports or stored by the teacher as exemplary specimens. Gel 
electrophoresis is used in clinical chemistry to separate proteins by charge or size and in 
biochemistry to separate DNA and RNA fragments.  The molecules travel at different speeds 
through a gel and are therefore separated. These kits can be found in senior chemistry or biology 
classes. Colorimeters are used in senior chemistry to determine the concentration of a dissolved 
substance in a solution. Robotics, such as LEGO™ robotics, are programmable bricks with which 
students can build robots and machines, and then use an intuitive, icon-based programming 
language to instruct the brick to move connected motors, take data readings from connected probes, 
and so on. 
In addition to the more physical technologies described above, there are many types of 
educational software used in science teaching and learning. Some are created specifically for the 
education market (e.g., the simulation software Yemka), whilst the majority are created with a 
general (business) audience in mind (word processors, spreadsheets, presentation packages). 
Currently, the software used in education can be categorised as having the following purposes: data 
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analysis, visualisation, simulation, communication (chat, email, video, blog, podcast, etc.), and 
computer delivered instruction and games and virtual worlds.  Data analysis software in education 
is usually business software such as spreadsheets and databases appropriated for the classroom. 
Spreadsheets were developed for the analysis and visualisation of numerical data, and databases for 
the storage, interrogation/ordering and output of data (text, image and numerical). Visualisation 
software can be used in education to show abstract concepts, such as the flow of electrical current, 
and to show phenomena which are either too fast (e.g., a bullet from a gun to show momentum 
recoil), too slow (e.g., the growth of plants), too large (e.g., planetary motion) or too small (e.g., 
sub-atomic particles) to be observed directly by students. It could also be too dangerous (e.g., 
nuclear power plant control rooms) or expensive (perhaps occurring only in distant locations) for 
the learners to experience a phenomenon at first hand. Whilst with visualisation software, students 
observe a “movie”, with simulation software they are invited to control what happens by entering 
initial data and variables and observing and/or recording the different outcomes. For example, in a 
physics lesson students could enter the starting velocities of two cars on a collision path and observe 
the change in momentum. Communication software can be synchronous, such as chat and video 
conferencing, in which all students participate at the same time, or asynchronous (e.g., email, blog, 
discussion group, podcast) in which the participants can enter periodically and make a contribution 
and they would expect a delay before any response. Using communication software, students can 
benefit from real-time interaction with subject experts located around the world. They can construct 
meaning by discussing concepts with their peers, but they are not required to travel and be co-
located in order to do so - thus communications technology supports remote or “external” study. 
Computer delivered instruction, also known as CBT (Computer Based Training) is used to deliver 
content and is intended to be a substitute to having a teacher, as is customary in traditional distance 
learning. Typically, the content is segmented, ordered and delivered in small chunks, with drill and 
practice style exercises to test recall or process after each section. This learning is solitary, with no 
social interaction, and it can be difficult to uncover and address student misconceptions. Games and 
virtual worlds offer students the chance to interact with one another using “avatars” in simulated 
environments, exploring and learning through practical experimentation. This can aid the 
development of social, political, and economic relationships and ideas, particularly in socio-
scientific parts of the syllabus such as considering the implications of innovative energy generation 
techniques or the effects of the reduction of carbon pollution on society. 
Increasingly, teachers are taking advantage of the growing wealth of resources hosted on the 
internet. Web 1.0 delivers static content – pages of information which serve the same function as 
textbooks. Web 2.0 allows students to interact with the content and could host visualisations, 
simulations, communication, games, etc. Web 3.0 should introduce the semantic web, in which 
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content is understandable by computers, enabling them to find, combine and take action on 
information without the need for human direction, thus making them “intelligent agents”. Websites 
will recognise personal choices and preferences and suggest connections, encouraging the 
generation of community. These advances in the web, together with the ideas of cloud computing in 
which applications and data are hosted centrally rather than at the user’s organisation, will 
potentially enable the student to access a greater variety of software than previously possible in the 
time when all software needed to be purchased, licensed, loaded and maintained on the user or 
educational institution’s machines. So the quantity of software available to teachers is increasing 
daily, and teachers need a way of identifying software that is valuable to their teaching. 
1.2.3 The benefits of teaching and learning science with technologies 
The benefits of using technology in science teaching and learning include that technology  
“can engage student in ways not previously possible”!(Ministerial Council on Education 
Employment Training and Youth Affairs (MCEETYA), 2005). ICT supports student-centred 
investigation, and allows data collection and observation where fieldwork is not possible.  Student-
centred investigation involves students identifying a problem from their real world and investigating 
this by designing an experiment, collecting data, analysing the results and making conclusions. 
Dataloggers can be used to record results, and the benefits of using them include: (i) students can 
attain cleaner and less ambiguous results rapidly (Hennessy et al., 2007), (ii) they are mobile and 
can allow students to conduct work in the field (in situ learning) and also, (iii) they support group 
work and collaborative learning. Students can be encouraged to consider whether the data they have 
collected is “good” and if problems with their experimental method are identified, the process can 
be repeated more quickly than was possible before the use of dataloggers. Also, the students’ 
cognitive load is relieved: they are not occupied with writing and recording streams of numbers, 
freeing them to focus on the interpretation of results and the big ideas that are being explored in the 
scientific concepts (Hisim, 2005; Millar, 2005). 
 The benefits of simulation software are that they can be used for fieldwork when direct 
interaction with the phenomena is not possible, perhaps because it is located in a remote place, or 
because the timeframe would not fit a science curriculum, or because it could be too expensive or 
too dangerous for students to experience the phenomena directly (for example controlling nuclear 
power plants). Using simulation software, students are able to set initial variables, manipulate them 
and observe the results. The resulting dataset is cleaner than in the real experimental situation, and 
Hennessy et al. (2007) have shown, this helps the lower achieving students to not become distracted 
from the science concepts by real-life messiness and ambiguity. The higher achieving students can 
   6 
be challenged to consider the model behind the simulation and the limitations and assumptions that 
would have been used in its creation, and to compare and contrast this with real life. 
In summary, the benefits of using technologies in science teaching and learning include that 
they allow students to record data easily in any setting (classroom or fieldwork), and to display and 
evaluate this data immediately. Technologies allow the visualisation and manipulation of abstract 
phenomena or the investigation of distant places or those too dangerous to experience at first hand. 
This can be achieved using simulations or by using games, in which students assume a character. 
Technologies also allow communication with remote students or with subject experts, in addition to 
providing instant access to research data via the internet. 
1.2.4 Who chooses the technologies? 
There can be many institutional roles in education connected to technology acquisition, 
implementation, usage, and maintenance. The classroom teacher is the user of the technology, 
together with their students. The teachers have the best understanding of the needs of their 
particular learners, their personal teaching style, their classroom environment, and so should be an 
essential contributor to the ICT selection process. Although the decision to acquire the technology 
could originate from this teacher, it may also come from the Head of Department, who may be 
intending to establish a uniform approach to teaching all groups of students in that year, 
independent of the allocated teacher. The Heads of Department could, in turn, be responding to 
pressure from school management to incorporate technology in the classroom, and they could be 
responding to pressure from the parents and community group and/ or government policy or 
incentives (e.g., the Australian Digital Education Revolution). The school’s information technology 
department is responsible for maintaining the software and might wish to adopt an institutional 
approach to acquiring and maintaining software, especially where economies of scale can be made. 
By directing that everyone is to use the same, for example, word processing software, institutions 
can obtain better purchasing and licensing prices, and maintenance is easier with standardised 
hardware and software versions. In some schools, the librarian has responsibility for the purchase of 
new educational software, although they may or may not have experience of how this could be used 
in classroom teaching and learning activities. Generally in an institution, the task of choosing 
software is performed by one of the actors described above; however, it is clear that a team 
approach is advantageous to ensure that all aspects (teaching and learning, acquisition and 
maintenance, funding, etc.) are considered adequately. 
1.2.5 What research models can guide the choice?  
This section briefly considers the theories that can guide the choice of educational 
technology. From the educational field there are research models that outline the teacher knowledge 
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required to successfully use technology in classroom teaching and learning (Mishra & Koehler, 
2006), and ones that guide good classroom pedagogy such as Bloom’s Revised Taxonomy 
(Anderson, Krathwohl, & Bloom, 2005) and Productive Pedagogies (Lingard, Hayes, & Mills, 
2003). Lim and Hang (2003) considered the application of activity theory to the integration of ICT 
in classrooms, but this analysed the application of ICT in schools rather than being a tool for 
prediction of suitability of a particular tool in a particular context.  
From the field of Human Computer Interaction, the subject of usability of a technology has 
many models and heuristics that can guide the design and testing of a technology, covering its ease 
of use, and usability theory has been applied to educational settings. The author, Steve Krug (2000) 
defines usability in the following way: 
Usability really just means that making sure that something works well: that a person of 
average (or even below average) ability and experience can use the thing - whether it's a 
Web site, a fighter jet, or a revolving door - for its intended purpose without getting 
hopelessly frustrated  (Krug, 2000, p. 5). 
A premise of this study is the idea that usability is particularly important when using 
technology in a teaching context – regarding lesson preparation, the teacher should not be expected 
to spend large amounts of preparation time reading long, complicated manuals in order to coax the 
technology into action. Similarly, when used in the classroom, the technology tool should be 
intuitive for students to use. The teacher should be able to focus on the learning objectives rather 
than troubleshooting the technology, and good usability will contribute to this goal. 
It has been suggested for many years, for example by Salomon (1993), that the successful 
use of technology in teaching and learning is a complex issue dependent on its application and 
context, but to date, no models consider the whole picture of technology use in a classroom setting, 
including the teacher (knowledge and characteristics), technology (usability), students (academic 
ability and characteristics), the classroom environment and any other significant factors. 
1.3 Significance of the study 
Teachers are encouraged to use technology in science teaching and learning, to engage their 
students, and to develop conceptual understanding, but there is a deficit of research-based guidance 
for their decision-making. An abundance of technology is available to them, as can be seen at any 
educational technology tradeshow or in any catalogue, and the research literature supports the 
benefits to students when science is taught in this way. However, there are no holistic research-
based methods that combine a consideration of educational theory and Human Computer Interaction 
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theory: no tools consider a combination of pedagogy (such as Bloom’s Revised Taxonomy 
(Anderson, et al., 2005)) and usability (such as Nielsen’s usability heuristics (Nielsen & Mack, 
1994)) of the technology to guide the teacher’s choice when evaluating educational tools. The 
resulting situation in schools is that technology can be ill-chosen by teachers, which is costly in 
terms of time, money and motivation, with bad experiences encouraging a teacher to abandon the 
pursuit of technology enhanced teaching and learning. 
1.4 Aims of the study 
There were three main aims of this study, and these served to guide the way it unfolded. The 
first aim was to identify the technologies that teachers are currently using in their science 
classrooms, but essentially, to identify how teachers are choosing new technologies. With this 
information, the second aim of the study was to create a model that would serve to describe the 
relevant factors and interactions at play when technology is used in science classroom teaching and 
learning. The model would be derived from grounded data and would include all arising factors 
from this data about the teaching and learning setting, including the teacher (knowledge, 
epistemology etc.), students, the technologies themselves and so on. This holistic model could be 
used by a teacher to aid the choosing of productive new technologies for their classes, or by an 
observer of a lesson to scaffold the assessment of the teaching and learning. The model would be 
drawn upon to create a Predictive Evaluation Tool (PET) for the purpose of assisting teachers in 
choosing new technology for their science teaching and learning. This was the third aim of the 
study. The major overarching goal of the study was to create a PET that was educationally 
productive for the teacher, students and classroom setting, so that the chosen technology would 
continue to be used in the future. That is, its use would be sustained as the PET would prompt 
consideration of factors associated with the technology of focus that may not have been apparent 
before acquisition and thus provide a detailed analysis to assist informed decision-making. 
1.5 Research questions 
From the aims of the study, the following main research question was generated:  
How can analytical tools empower teachers to make informed decisions about the ease of 
accessibility (usability) and educational productivity of a technological teaching tool to enhance 
student learning of science? 
Specifically, the study aimed to answer the following three research questions: 
1. What technologies are used regularly in science teaching and learning? 
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2. What factors are perceived to contribute to the educationally productive and sustainable 
use of technology in science teaching and learning? 
3. To what extent can a predictive evaluation tool (PET) be used by teachers to evaluate new 
technologies for the teaching and learning of science? 
1.6 Overview of the design 
The study proceeded in a series of steps. It employed mixed methods, involving a survey to 
gather data on current technology use in science classrooms, and semi-structured interviews to 
investigate how teachers choose new technology for their science classrooms. The quantitative data 
from the survey were aggregated using descriptive statistics, and the qualitative data from 
interviews were analysed using grounded theory, as espoused by Corbin and Strauss (2008). This 
methodology was chosen for its ability to discover new knowledge from patterns that are allowed to 
emerge from the grounded data.  
The design of the Predictive Evaluation Tool (PET) was iterative, using the “agile” software 
development, in which the product is developed, tested with “clients” (teachers) at each stage and 
modified based on this feedback before the next round of testing. The participants were practising 
science teachers from Queensland, Australia (75 teachers for the survey, nine for the interviews and 
37 for the PET testing). 
1.7 Structure of the thesis 
Chapter 1 provided an introduction to the study, and outlined the problem, the background, 
the technologies that are commonly used in science teaching and learning and their benefits, and the 
significance and aims of the study. Following this, the research questions were stated, and an 
overview of the study design. 
Chapter 2 reviews the literature relevant to this study. There are five main areas: (i) 
recommendations and imperatives for the use of technology in science teaching and learning, (ii) 
theoretical frameworks for teaching and learning with technology, (iii) barriers and enablers to 
technology integration in the classroom, (iv) teaching and learning science with technologies, and 
(v) tools for evaluating educational technologies for the classroom, including a consideration of 
usability. 
Chapter 3 outlines the methodologies of this mixed-methods study, that is, grounded 
theory, which was used for the analysis of the interview data; surveys, used to collect data relating 
to technologies that are used by science teachers; and agile methodologies, used for the 
development of the Predictive Evaluation Tool (PET). Following this, the participants in the study 
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are described and the data sources (survey, interview and case study as well as the PET developed 
in this study) outlined. The four-phase procedure for the study is then outlined: survey, interview, 
development of the PET, and the case study. Lastly the data analyses for the survey, interview and 
PET testing are described. 
Chapter 4 presents the results from this study (survey and interview) followed by the 
coding analysis of the data, leading to the development of the “PETTaL” model, which summarises 
the salient factors involved when technology is used in science teaching and learning. 
Chapter 5 describes the development and testing of the Predictive Evaluation Tool (PET) 
based on the PETTaL model derived in the previous chapter. The value and validation of the PET 
are discussed. 
Chapter 6 discusses the findings of the study, namely the PETTaL model that encapsulates 
factors affecting technology use in science teaching and learning, and the Predictive Evaluation 
Tool (PET), designed to aid teachers when considering what technology to introduce into their 
classrooms. There is a critical comparison of this study’s PETTaL model and Mishra and Koehler’s 
(2006) TPACK model. The survey findings of what technologies are used regularly in the science 
classroom are discussed, followed by how teachers are currently choosing technology (techno-
centric or relationship-centric evaluators). The PET and its applications are then considered, before 
the study’s conclusions (significance, limitations and directions for future research) are discussed. 
The study research questions are revisited and addressed according to the findings. 
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2 Literature review 
This chapter overviews literature concerned with choosing and using technologies in science 
classrooms, organised under the categories of: the recommendations and imperatives for the use of 
technology in science teaching and learning (section 2.1); theoretical frameworks for learning with 
technology (section 2.2); barriers and enablers to using technology in the classroom (section 2.3); 
teaching and learning science with technologies (section 2.4); and tools for evaluating educational 
technologies for the classroom, including usability heuristics (section 2.5).  This chapter concludes 
with a summary of key points presented (section 2.6). 
2.1 Recommendations and imperatives for the use of technology in 
science teaching and learning 
The benefits of using technology in science teaching and learning were outlined in section 
1.2.3, and curriculum documents make strong recommendations for this. However, there are 
concerns that school practices have been slow to embrace them. Tytler (2007) called for the re-
imagining of science education, in response to evidence of falling senior science enrolments in 
Australian schools and reports of students’ disengagement with science. He claimed Australia was 
undergoing a crisis in science, and that teaching and learning in schools needed to adapt to reflect 
the true ways of working as a scientist (Tytler & Symington, 2006). He maintained that the school 
science curriculum was out-dated and discipline-bound, and it encouraged students to work in a 
solitary manner, quite differently to a scientist’s way of working collaboratively in a team. He 
suggested that teachers could harness the powers of technology to allow students to communicate 
with remote peers and experts in real time using instant messaging and to “escape into virtual 
internet worlds” (Tytler, 2007).  
The Melbourne Declaration (Ministerial Council on Education, 2008), which outlined the 
educational goals in schooling for young Australians over the coming ten years, stated that: 
“successful learners should be creative and productive users of technology, especially ICT”. 
Following this, the Australian Curriculum, the first nation-wide syllabus for K-12 schooling, was 
introduced in 2012. It positions ICT as a cross-curricular priority, mandating that:  
Students [must] develop capability in using ICT for tasks associated with information access 
and management, information creation and presentation, problem solving, decision-making, 
communication, creative expression, and empirical reasoning. This includes conducting 
research, creating multimedia information products, analysing data, designing solutions to 
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problems, controlling processes and devices, and supporting computation while working 
independently and in collaboration with others. (Australian Curriculum Assessment and 
Reporting Authority (ACARA), 2012, p. 41). 
The Australian Curriculum for science has similarities in rationale and content to the United 
Kingdom.  The science syllabus for Key Stage 4 in the UK emphasises knowledge, skills and 
understanding of science, stating in the practical and enquiry skills section that students must: 
“collect data from primary or secondary sources, including using ICT” (Qualifications and 
Curriculum Authority, 2007, p. 222). Additionally, the document is specific in outlining areas of the 
science learning in which ICT should be implemented, for example: “Pupils could use 
simulations/spreadsheets to model the effects of competition and predation” and “Pupils could use a 
database of material properties to explore uses” (Qualifications and Curriculum Authority, 2007, p. 
224). 
Thus, there are many recommendations from curriculum documents to use technology in 
science teaching and learning, not only in Australia, but also in other countries such as the UK, and 
teachers are being encouraged to incorporate technology to engage students and to enhance their 
experience of learning science. The words of Tytler in 2007 called for a re-imagining of science. 
There are many benefits to using technology in science teaching and learning, and these are 
discussed in the following sections, beginning with a more general overview of the theoretical 
underpinnings of technology use in teaching and learning. 
2.2 Theoretical frameworks for teaching and learning with technology 
2.2.1 Teaching and Learning with or from technology 
This section summarises the learning theories that have been shown to have the greatest 
influence on technology use in education, as indicated by Ertmer and Newby (1993). They support 
Jonassen’s idea of learning with rather than from technology (Jonassen, 2008), which is a 
framework that underpins this study. This section begins with an overview of objectivist 
(behaviourist) models of learning, followed by the constructivist paradigm. With each theory, the 
uses of ICTs are considered in relation to the model of learning being discussed (objectivist / 
constructivist). 
 Objectivist ontology (the nature of reality, the assumptions held about the physical world) 
believes in the existence of an objective real-world external to the learner (Ertmer & Newby, 1993). 
Epistemologically (the nature of knowledge and thought) speaking, it assumes that all learners gain 
the same understanding of this objective reality (Jonassen, 1991). Behaviourism, a branch of 
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objectivism, postulates that learning happens when a student provides the proper response to a 
specific environmental stimulus (Ertmer & Newby, 1993). Skinner proposed operant conditioning: 
that is, in relation to teaching, the teacher rewards the desired act and thus the desired responses are 
more likely to recur in the future (Standridge, 2002). Ertmer and Newby (1993) explained that 
behaviourists believe that the learner is reactive to conditions in the environment, rather than taking 
an active role in discovering it. They also said that the mind or memory are not addressed by 
behaviourists – learning is the acquisition of habits, but how these habits are stored or recalled for 
future use is not discussed. Behaviourism best explains types of learning that involve the recall of 
facts, generalisations (defining and illustrating concepts) associations (applying explanations) and 
chaining (automatic performance of a specified procedure) (Ertmer & Newby, 1993). However, 
behavioural principles cannot adequately explain the acquisition of higher level skills or those that 
require a greater depth of processing such as language development, problem solving, inference 
generating, and critical thinking (Schunk, 2008). 
It can be seen that early computer use in education was based on behaviourist theories: 
computer use in 1970s education comprised mainly Computer Based Learning (CBL) or drill and 
practise software (Ertmer & Newby, 1993). The CBL software contains the external facts or 
processes that are to be acquired by the learner and it has an emphasis on producing observable and 
measurable outcomes in students. It can perform pre-assessment of students to determine where the 
instruction should begin (learner analysis) and it emphasises the mastery of the early steps before 
progression to more complex levels of performance (sequencing of instructional presentation, 
mastery learning). It also uses reinforcement to impact performance, such as the awarding of points 
or marks (tangible rewards, informative feedback) and the use of cues, shaping and practice to 
ensure a strong stimulus-response association (simple to complex sequencing of practice, use of 
prompts) (Ertmer & Newby, 1993).  
Another learning theory that influences the use of technology in education is constructivism. 
Constructivists claim that reality is determined by the knower: the learner constructs knowledge by 
interpreting objects and events through their prior experiences, mental structures and beliefs. While 
radical constructivists (Goodman, 1984; von Glaserfeld, 1984; Watzlawick, 1984) believe that there 
is no objective reality that is independent of human mental activity, constructivism does not 
preclude the existence of an external reality, but claims that each of us constructs our own reality to 
interpreting perceptual experiences of the external world (Jonassen, 1991). Constructivism based on 
Kantian beliefs, claims that reality is constructed based on mental activity – the mind produces 
mental models that explain to the knower what they have perceived (Jonassen, 1991). 
Epistemologically, in constructivism, learning is a function of how the individual creates meaning 
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from his or her experiences. Constructivism postulates that learning occurs most effectively in 
context (situated cognition) (Brown, Collins & Duguid, 1988; Resnick, 1987): therefore the most 
successful learning would occur in real-world surroundings rather than in isolated school 
environments (Jonassen, 1991).  
 Applying constructivist learning theories to technology use in teaching and learning, 
Howland, Jonassen and Marra (2011) argue for learning with technology rather than learning from 
technology: learning from technology happens when a learner accesses a content repository such as 
web page, or learns multiplication tables using drill and practise software, such as Mathletics. When 
learning with technology, the ICT is used as a tool to help the learner investigate complex topics or 
environments – for example, in science it could allow students to collect data (dataloggers), 
visualise and manipulate it, and make meaning. Learning with technology in this paradigm has the 
following principles: an emphasis on the context in which the skills will be learned and 
subsequently applied (anchoring learning in meaningful contexts), an emphasis on learner control 
and the capability of the learner to manipulate information (actively using what is learned), the need 
for information to be presented in a variety of different ways (revisiting content at different times, 
in rearranged contexts, for different purposes and from different conceptual perspectives), and  
supporting the use of problem-solving skills that allow learners to go beyond the information given 
(developing pattern-recognition skills, presenting alternative ways of representing problems). The 
assessment is focused on the transfer of knowledge and skills (presenting new problems and 
situations that differ from the conditions of the initial instruction) (Ertmer & Newby, 1993). Due to 
the productive learning that this use of technology in education can afford, this is a theoretical 
framework that informs this study. 
Seymour Papert proposed constructionism as a form of constructivism, in which technology 
was central (Harel & Papert, 1991). He believed learning happens when students construct physical 
objects to enable their meaning making and knowledge construction. This is usually done in a 
collaborative environment, and the physical objects are vehicles for communication, sharing and 
reflection. Papert created LOGO turtles, in which students learnt the basics of programming and 
computational thinking by instructing a “turtle” to move across the computer screen, following 
prescribed paths, through mazes and so on. This form of constructivism is central to this study’s 
position on teaching and learning in technology-enabled classrooms, again, due to the higher order 
thinking and deep conceptual understanding that has been demonstrated to eventuate from these 
methods (see section 2.4.3 for literature supporting constructionism). 
This following section reviews pedagogical models – firstly looking specifically at the use 
of technology in classroom teaching and learning (section 2.2.2), and latterly at educational models 
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that apply generally to productive pedagogy and assessment in classrooms (sections 2.2.3 and 
2.2.4). 
2.2.2 Teacher knowledge – the TPACK model 
 Mishra and Koehler’s TPACK conceptual framework (Mishra & Koehler, 2006) identifies 
the knowledge a teacher requires to use technology successfully in the classroom. This account 
begins with TPACK’s derivation from Shulman’s framework of teacher knowledge (Shulman, 
1986) and summarises its recent applications, in addition to outlining other similar contemporary 
models and the criticisms in the literature of the current manifestation of the TPACK model.  
Lee Shulman introduced a framework of teacher knowledge in 1986, in which he defined 
the constructs of content knowledge, pedagogical knowledge and pedagogical content knowledge. 
He described Content knowledge as the teacher’s understanding of the structures of the subject 
matter, both the substantive (ways in which the basic concepts and principles of the discipline are 
organised to incorporate its facts) and the syntactic structures (set of ways in a discipline in which 
truth or falsehood, validity or invalidity are established) (Shulman, 1986). Shulman also described 
curricular knowledge as being essential to teaching expertise: this is the knowledge of the full range 
of programs designed for the teaching of particular subjects and topics at a given level, and the 
variety of instructional materials available in relation to those programs. Pedagogical knowledge 
was the teacher’s knowledge of how to teach. In his 1986 paper, Shulman suggested that there was 
a missing construct, which he defined as pedagogical content knowledge (PCK), and this was 
distinct from content knowledge or pedagogical knowledge. A teacher possessing pedagogical 
content knowledge had the ways of representing and formulating the subject that make it 
comprehensible to others; “the most useful forms of representation of those ideas, the most 
powerful analogies, illustration, examples, explanations and demonstrations” (Shulman, 1986, p. 9).  
Mishra and Koehler’s (2006) model of teacher knowledge draws on and extends Shulman’s 
work on pedagogical content knowledge to include teaching with technology. Their work resulted 
from a design experiment conducted over five years aimed at understanding teachers’ development 
towards rich uses of technology. Mishra and Koehler (2006) claimed that the Shulman model was 
developed in a time when technologies were static and stable. For instance, a teacher might need to 
master the use of overhead projectors, but beyond this, a classroom might have had text books, a 
blackboard – the teaching tools were regarded as commonplace and were not even regarded as 
“technologies”; the technologies in a classroom were “transparent” (Bruce & Hogan, 1998). The 
arrival of digital technologies altered the way in which (scientific) concepts could be presented and 
represented in the classroom, potentially making the subject matter more accessible to the learner; 
for instance, the arrival of the Internet has allowed access to numerous new simulations and 
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visualisations. Consequently, teachers “have to do more than simply learn to use currently available 
tools; they also will have to learn new techniques and skills as current technologies become 
obsolete” (Mishra & Koehler, 2006, p. 1023). With the rapid rate of evolution of the new 
technologies, teachers were finding themselves in a very different context to that when the 
technologies were standardized and static: they were regularly encountering new ICTs for teaching 
and learning, and needing to learn their use and potential. Clearly, knowledge of technology was an 
important aspect of overall teacher knowledge. Thus, Mishra and Koehler suggested that there were 
three main knowledge areas: content and pedagogical knowledge, as identified by Shulman but, in 
addition, technology knowledge, which was a teacher’s ability to operate technological devices.  
They represented these three knowledge areas (content, pedagogical, and technology knowledge) by 
circles, as seen in Figure 2.1 below, and the overlap of these circles, resulted in the constructs: 
pedagogical content knowledge, technological content knowledge, technological pedagogical 
knowledge and in the centre of the diagram, technological pedagogical and content knowledge, 
abbreviated to TPCK. In later papers by the authors (Koehler & Mishra, 2009), the abbreviation 
changed from TPCK to TPACK, for ease of pronunciation. The model is referred to as TPACK in 
this study, regardless of the date of the cited work, for consistency.  Mishra and Koehler proposed 
that their model could be used in discussions of technology integration at the theoretical, 
pedagogical, and methodological levels.  
 
Figure 2.1. TPACK model from Mishra & Koehler (2006)  
Mishra and Koehler defined the constructs in their model as can be seen in Table 2.1. 
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Table 2.1 
From Mishra and Koehler (2006) 
Construct Definition 
Content 
knowledge (CK) 
Knowledge about the actual subject matter that is to be learned or taught. 
Pedagogical 
knowledge (PK) 
Deep knowledge about the processes and practices or methods of 
teaching and learning and how it encompasses, among other things, 
overall educational purposes, values, and aims. 
Technology 
knowledge (TK) 
TK is knowledge about standard technologies, such as books, chalk and 
blackboard, and more advanced technologies, such as the Internet and 
digital video. This involves the skills required to operate particular 
technologies.  
Pedagogical 
content 
knowledge 
(PCK) 
PCK is concerned with the representation and formulation of concepts, 
pedagogical techniques, knowledge of what makes concepts difficult or 
easy to learn, knowledge of students’ prior knowledge, and theories of 
epistemology. 
Technological 
content 
knowledge 
(TCK) 
Knowledge about the manner in which technology and content are 
reciprocally related. Although technology constrains the kinds of 
representations possible, newer technologies often afford newer and 
more varied representations and greater flexibility in navigating across 
these representations. Teachers need to know not just the subject matter 
they teach but also the manner in which the subject matter can be 
changed by the application of technology. 
Technological 
pedagogical 
knowledge (TPK) 
Knowledge of the existence, components, and capabilities of various 
technologies as they are used in teaching and learning settings, and 
conversely, knowing how teaching might change as the result of using 
particular technologies. 
Technological 
pedagogical 
content 
knowledge 
(TPCK) 
 
The basis of good teaching with technology and requires an 
understanding of the representation of concepts using technologies; 
pedagogical techniques that use technologies in constructive ways to 
teach content; knowledge of what makes concepts difficult or easy to 
learn and how technology can help redress some of the problems that 
students face; knowledge of students’ prior knowledge and theories of 
epistemology; and knowledge of how technologies can be used to build 
on existing knowledge and to develop new epistemologies or strengthen 
old ones. 
 
Like Mishra and Koehler, other researchers have suggested a need for a technology based 
extension to Shulman’s PCK: Pierson (2001) used the term TPCK when considering a teacher’s 
technology integration; Angeli and Valanides (2005) introduced the term “ICT-related PCK”, this 
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being the body of knowledge that educators need to be able to teach with ICT. Niess (2005) 
discussed the need for teachers to develop a technology pedagogical content knowledge, and he 
defined TPCK to be: “the integration of the development of knowledge of subject matter with the 
development of technology and of knowledge of teaching and learning” (Niess, 2005, p. 510). 
2.2.2.1 Applications and limitations of the TPACK model 
In recent years, Mishra and Koehler’s TPACK model has been widely adopted by the 
research community: Voogt, Fisser, Pareja Roblin, Tondeur, & van Braak’s literature review (2012) 
of studies utilising the TPACK framework reported 243 references for papers between 2005 and 
2011.  The main areas for investigation were: concept development of the TPACK model, teacher 
beliefs, measuring pre-service / teachers’ TPACK and strategies for developing pre-service 
/teachers’ TPACK. TPACK is a model of teacher knowledge, and this is difficult to measure by an 
observer, so although Hofer, Grandgenett, Harris and Swan (2011) created a TPACK-based 
technology integration observation instrument, many of the studies attempting to measure teachers’ 
TPACK levels, and confidence have used self reporting survey instruments, in which teachers or 
pre-service teachers rated their abilities in the TPACK areas on a 5 or 7 point scale (Bursal & Yigit, 
2012; Graham et al., 2009; Jamieson-Proctor, Finger, & Albion, 2010; Jordan, 2011). Harris, 
Grandgenett and Hofer (2010) created and tested a TPACK technology integration assessment 
rubric, which they suggested could be used to measure the quality of technology integration in 
lesson plans, and possibly in project and unit plans, but while this was found to be successful when 
used by the teacher who created the plans (Harris, et al., 2010), it is possibly of limited use by an 
observer who may be unfamiliar with the curriculum goals or the instructional strategies and plans, 
for example, an educational researcher analysing video data of a lesson. Abbitt (2011) investigated 
the relationship between self-efficacy beliefs and TPACK knowledge in pre-service teachers. 
Donnelly, McGarr and O’Reilly (2011) employed TPACK as their study framework for analysing 
teachers’ integration of ICT into their classroom practice, and Graham, Borup, and Smith (2012) 
used TPACK as their framework in understanding teacher candidates’ technology integration 
decisions. Many studies report the development of TPACK measurement instruments and its 
validation (e.g., Sahin, 2011; Yurdakul et al., 2012).  
Some researchers have considered theoretical issues of the TPACK model, namely the 
definition and nature of its constructs, its comprehensiveness and its potential for prediction and 
problem solving. Angeli and Valanides (2009) discussed whether the constructs in the TPACK 
model were transformative or integrative, that is, did development in each of the separate 
constituent knowledge areas of TPACK (pedagogical knowledge, content knowledge and 
technology knowledge) result in the development of TPACK itself (integrative), or was TPACK a 
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separate construct (transformative).  They pointed out it was problematic if TPACK was a separate 
construct to its constituents since many of the studies in the literature claiming to measure growth in 
TPACK were measuring growth in the constituents and concluding that the growth in constituents 
resulted in growth in TPACK.  
The lack of precise definitions of the constructs of TPACK is problematic for the 
development of the model by the research community (Graham, 2011). Cox (2008) undertook a 
conceptual analysis of the TPACK literature and found 13 distinct definitions for TCK, 10 
definitions for TPK, and 89 different definitions for TPACK in the reviewed literature. The TPACK 
definition of technology knowledge (TK) has been particularly problematic: Mishra and Koehler 
(2006) defined  TK as: “knowledge about standard technologies, such as books, chalk and 
blackboard, and more advanced technologies, such as the Internet and digital video. This involves 
the skills required to operate particular technologies”. In 2009, they amended their definition to 
incorporate  the notion of FITness, that is, Fluency of Information Technology as defined by the 
National Research Council (1999). This version of the TK definition stated that; “persons 
understand information technology broadly enough to apply it productively at work and in their 
everyday lives, to recognize when information technology can assist or impede the achievement of 
a goal, and to continually adapt to changes in information technology” (Koehler & Mishra, 2009, p. 
64). Graham (2011) concluded that the model needed a clearer definition of its constructs, and that 
these differences have major implications for understanding and measuring the constructs. A lack of 
precision in the definitions means that researchers may be making personal interpretations, and 
therefore the studies are potentially measuring different things. Thus, it is difficult to make 
substantive contributions to the development of the original model (Graham, 2011). 
Whetten (2011) stated that a theory must deal with two competing criteria, 
comprehensiveness  (including all relevant factors of interest) and parsimony (simplification by 
including only factors that have the greatest value in understanding the phenomena). Angeli and 
Valanides (2009) highlighted the omission in the TPACK model to address the affordances of the 
technological tool. Graham (2011) using this point in his analysis of the model stated that, while 
possessing a high degree of parsimony, TPACK omitted many important factors, such as the 
teachers’ epistemic beliefs and values about teaching and learning, and the affordances and usability 
of the technology, and was therefore low in comprehensiveness. 
 Graham (2011) also raised concern over the prescriptive value or potential of the TPACK 
framework and its purpose.  For instance, several papers that cite TPACK as being their research 
framework conflate TPACK with technology integration:  is technology integration the limit and 
intent of the TPACK model? To date research energy has focused on the descriptive value rather 
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than the prescriptive value of TPACK. Archambault and Barnett (Millan & Bromage, 2011; Morris, 
2011) expressed frustration with the model’s potential to yield predictive knowledge saying that the 
areas of content pedagogy and technology did not represent the causative interaction or the direction 
of the relationship between and among these domains. It therefore did not suggest problems for 
solving or hypotheses for testing within the field of educational technology.  
Thus although the TPACK model has been widely adopted by researchers to study 
technology use in classrooms, the model is comparatively new and has deficiencies in its current 
state, largely those of lack of prescription and definition, and also of comprehensiveness: for 
example, TPACK omits considerations of the teachers’ epistemic beliefs and values about teaching 
and learning, and the affordances and usability of the technology. 
2.2.3 Bloom’s Taxonomy 
Various educational models exist addressing teacher knowledge of pedagogy, technology 
and student learning, but there is currently no holistic way of considering technology use in a 
teaching and learning episode, covering the many factors that could influence the success of the 
lesson. The following pedagogical models (Bloom’s Taxonomy and Productive Pedagogies) have 
been selected for use in this study as “practical” models that can serve as a lens to a teacher or an 
observer evaluating the teaching and learning in a lesson. They do not specifically address the use 
of technology in productive classroom teaching and learning, however they are drawn upon in the 
development of the model created in this study, and so are foregrounded here. 
Bloom’s Taxonomy proposes a classification system of the different learning objectives that 
educators set for students, and these are divided into three domains: the Cognitive, the Affective 
and the Psychomotor. The original taxonomy for the cognitive domain used the following structure: 
knowledge, comprehension, application, analysis, synthesis and evaluation. Morshead (2010) and 
others criticised the original version as lacking a systematic rationale of construction. The taxonomy 
was then re-established along more systematic lines in 2000 and in Bloom’s Revised Taxonomy, 
synthesis was placed above evaluation. Currently, whilst the six categories of the cognitive domain 
are widely accepted, there are criticisms (Morshead, 1965) of the existence of a sequential, 
hierarchical link. Some consider the lowest three levels to be hierarchically ordered, but the higher 
three levels to be parallel. There are also views that it is better to move to application before 
introducing concepts, which accords with the Problem-Based Learning structure. Bloom’s Revised 
Taxonomy uses ideas and vocabulary that are familiar to teachers, and it is proposed that it could be 
a good tool for analysing many of the technologies in current classrooms usage. For example, there 
are drill and practice software, which test knowledge recall and or possibly application by setting 
closed questions and problems. There are many web pages providing data and factual information 
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that could develop comprehension and interpretation skills. Data could be collected by dataloggers 
in an experimental situation conducted by the students and this could be analysed using 
spreadsheets or databases. Analysis, synthesis and evaluation could be used in tasks utilising 
technology to create video, podcast / vodcast, wikis and web pages. 
2.2.4 Productive Pedagogies 
The Productive Pedagogies model was designed to be a “lens through which educators can 
see existing teaching practices” (Lingard, et al., 2003, pp. 410 - 411), applicable to “traditional” 
teaching in any subject, at any grade and age level. It resulted from the Queensland School Reform 
Longitudinal Study of teacher classroom practice and drew from literature reviews, classroom 
observations, analysis of assessment tasks and student work. The model comprises twenty elements, 
and these are expected to transpire in any functioning classroom, irrespective of subject area or 
grade level, and these are shown in Table 2.2. 
Table 2.2 
Elements of Productive Pedagogies (2003)  
Item 
no. 
Category Question asked to assess the category 
1. Higher order thinking Are higher order thinking and critical analysis occurring? 
2. Deep knowledge Does the lesson cover operational fields in any depth? 
3. Deep understanding Do the work and response of students provide evidence of depth of 
understanding of concepts or ideas? 
4.  Substantive conversation Does classroom talk break out of the initiation/response/evaluation pattern 
and lead to sustained dialogue between students, and between teachers and 
students? 
5. Knowledge problematic Are students critiquing and second-guessing texts, ideas and knowledge? 
6.  Meta-language Are aspects of language, grammar and technical vocabulary being 
foregrounded? 
7. Knowledge integration Does the lesson range across diverse fields? 
8. Background knowledge Is there an attempt to connect with students’ background knowledge? 
9. Connectedness to the world Do the lesson and assigned work have any resemblance or connection to real-
life contexts? 
10. Problem-based curriculum Is there a focus on identifying and solving intellectual and/or real-world 
problems? 
11. Student control Do students have any say in the pace, direction or outcomes of the lesson? 
12. Social support Is the classroom a socially supportive and positive environment? 
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Item 
no. 
Category Question asked to assess the category 
13. Engagement Are the students engaged and on task? 
14. Explicit criteria Are the criteria for judging student performance made explicit? 
15.  Self regulation Is the direction of student behaviour implicit and self-regulatory or explicit? 
16. Cultural knowledges Are diverse cultural knowledges brought into play? 
17. Representation Are deliberate attempts made to increase the participation of students of 
different backgrounds? 
18. Narrative Is the style of teaching principally narrative or is it expository? 
19. Group identity Does the teaching build a sense of community and identity? 
20. Citizenship Are attempts made to foster active citizenship? 
 
It is proposed in this study that the Productive Pedagogies model can be considered 
applicable to the analysis of a technology enabled classroom by predicating each item with “Does 
the technology facilitate…” In the case of item 6. Meta-language, this would relate to the 
terminology associated with the technology (in addition to the terminology introduced by the 
science lesson). Items 11 – 20 are not prmarily concerned with the use of technology in the 
classroom, more about behavior management and inclusivity, but since this study is considering all 
aspects of a successful lesson involving technology, these aspects have relevance too. 
Therefore, it is proposed in this study that Bloom’s Revised Taxonomy and Productive 
Pedagogies could be applied to investigate the use of technology in science classrooms. 
2.3 Barriers and enablers to technology integration in the classroom 
Lloyd (2005)  discussed the  definitions of technology integration.  She suggested that the word 
“integration” was used interchangeably with “use” in the literature, and thus technology integration 
covered wide-ranging scenarios from teacher proof courseware to seamless use of technology to the 
degree in which ICT vanishes into the background of the classroom, and is the context rather than 
the content for learning. This study utilises the latter definition when discussing technology 
integration in the classroom, thus adopting Jonassen’s (2008) learning with technology idea (see 
section 2.2.1). In 2001, Cuban questioned the contemporary premise that equipping schools with 
technology would invariably result in high technology usage in classroom teaching and learning.  In 
a quantitative study that used data from interviews with teachers, students, and administrators, 
classroom observations, a review of school documents and surveys of teachers and students in two 
high schools he found that, contrary to belief, access to equipment and software seldom led to 
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widespread teacher and student use (Cuban, Kirkpatrick, & Peck, 2001).  In the two schools studied, 
the main reasons for the lack of technology use in lessons were due to (i) teachers having no time to 
find and evaluate software and (ii) that the training was inadequate (offered at inconvenient times 
and or too generic in general computer skills rather than applied to the teacher’s specific classroom 
needs).  This study foregrounded over a decade of work investigating the barriers and enablers to 
technology integration in teaching and learning.  
Studies have investigated the barriers and enablers to technology integration for in-service 
and pre-service teachers. Vrasidas and Glass (2005)  identified the following  practical barriers to 
technology integration for in-service teachers: lack of teacher time to a learn new software and 
technology and devise lesson materials; lack of ongoing support; lack of technology infrastructure; 
lack of specific technologies that address specific needs of teachers and students; lack of ICT in 
teacher preparation programs and the lack of policy curriculum and assessment support. 
Additionally they identified that teachers were resistant to changing their traditional approaches, 
and there was an incompatibility between their traditional, didactic teaching methods and 
constructivist frameworks fostered by ICT. Sugar, Crawley and Fine (2004)  said that although 
funding, equipment, lack of time and knowledge were known obstacles to successful technology 
integration for in-service teachers (Lam, 2000; Simonsen & Dick, 1997), the teachers’ pedagogies 
and attitudes were a greater barrier. ICT supports constructivist, student centred pedagogies, and so 
the teachers least successful in implementing ICT in the teaching were those who persevered with 
more teacher-led didactic styles. Sugar et al. also found that teachers’ attitudes were a major factor 
in technology adoption: those teachers who equated technology with entertainment rather than 
education were least inclined to adopt technology.  Goktas, Yildirim, and Yildirim (2009) 
summarized the barriers affecting ICT integration in pre-service teacher education programs as seen 
in Table 2.3 below, and although different studies were cited, all the barriers were as mentioned 
above in the case of the in-service teachers.  
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Table 2.3 
 A summary list of the barriers affecting ICT integration in pre-service teacher education programs 
from Goktas et al. (2009) 
 
Ertmer, Ottenbreit-Leftwich, Sadik, Sendurur and Sendurur (2012) defined two types of 
barriers to technology integration, first order (external) and second order (internal). Ertmer claimed 
that the external barriers were resources (both hardware and software), training, and support. The 
second order barriers, internal, were the teachers’ confidence, beliefs about how students learned, 
and the perceived value of technology to their teaching and learning process. Hew and Brush (2007) 
performed a meta analysis on the integration barriers documented from 1995 to 2006 and identified 
six categories of barriers, including those that comprised first order barriers (institution, subject 
culture, and assessment), and second-order barriers (teacher attitudes and beliefs, knowledge and 
skills). They concluded that the three most frequently cited barriers impacting technology 
integration were a) resources, b) teachers’ knowledge and skills, and c) teachers’ attitudes and 
beliefs.   
 Other studies (e.g., Berg, Benz, Lasley, & Raisch, 1998; Ertmer, Gopalakrishnan, & Ross, 
2001) have indicated that teachers’ enacted beliefs often do not align with their espoused beliefs. 
Teachers who claim in interview to use constructivist teaching pedagogies have been observed to 
use drill practice software and computer-generated worksheets in their classrooms (Ertmer, et al., 
2001). Ertmer al. (2001) explained that these discrepancies could be based on external constraints 
and barriers, for example, predetermined curricula or assessment practices. Berg, Benz, Lasley and 
Raisch (1998) reported that teachers want to incorporate high-level technology but are not able to 
do so due to access and time constraints. Ertmer et al. (2012) revisited the question of alignment 
between pedagogical belief and practice to see whether, despite the advances in hardware, software 
   25 
and Internet access, training and support, first-order barriers continued to constrain teachers’ 
integration efforts. They found that teachers having student-centred beliefs tended to enact student 
centred curricula despite technological, administrative or assessment barriers. Teachers’ own beliefs 
and attitudes about the relevance of technology to students’ learning appear to have the biggest 
impact on successful integration and use (Ertmer, et al., 2012). Additionally most teachers indicated 
that internal factors, for example, a passion for technology, or having a problem solving mentality, 
and support from others, administrators, and personal learning networks, played key roles in 
shaping practices. The teachers in Ertmer et al.’s study were chosen for their expertise with and 
interest in technology use, but they reported having observed that the strongest barriers preventing 
other teachers from using technology were their existing attitudes and beliefs toward technology, as 
well as their current levels of knowledge and skills. 
In summary, the literature has identified a series of factors that can inhibit (or encourage) the 
sustained use of technology in teaching and learning. However, these factors do not provide a 
model or theory that can guide teachers when introducing new technology, to enable them to 
navigate the potential pitfalls in the various areas they need to consider, and to consider holistically 
what impact their choices are likely to have on their students’ learning. 
2.4 Teaching and learning science with technologies 
Curriculum documents emphasise the importance of using technology in the classroom: the 
Australian Curriculum for Science (Australian Curriculum Assessment and Reporting Authority 
(ACARA), 2012) is no exception. As outlined in Chapter 1, technologies used for teaching science 
in the classroom include: simulation and visualisation software, geographical information systems 
(GIS), dataloggers, and multimedia resources (web based). Mobile and handheld technologies such 
as smart phones and tablets are also finding increasing application in experimental data collection.  
2.4.1 Computer-based technologies 
Computer-based technologies, such as simulation and visualisation software and Geographic 
Information Systems (GIS), can enhance learning in science classrooms. Simulation software offer 
idealised, dynamic and visual representations of physical phenomena (Hennessy et al., 2007). Using 
simulation software, students are able to set initial variables, manipulate them and observe the 
results. The benefit of simulations is that they can be used for fieldwork when direct interaction 
with the phenomena is not possible, perhaps because it is located in a remote place, or because the 
timeframe would not fit a science curriculum, or because it could be too expensive or too dangerous 
for students to experience the phenomena directly (for example controlling nuclear power plants). 
Also, simulations allow school children to experience experiments that could be too dangerous, too 
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costly or otherwise not feasible in a school laboratory (Bergland et al., 2006; Cataloglu, 2006; 
Gazit, Yair, & Chen, 2005; Hennessy, et al., 2007; Kiboss, Wekesa, & Ndirangu, 2006; Winn et al., 
2006). Hennessy et al. (2007) found that simulations helped the weaker students grasp science 
concepts, since the data generated was always “clean” and the visual representations helped clarify 
the theory, while the more able students could be challenged to think about the underlying model 
used for the simulation program and to consider its limitations due to the simplifications imposed. 
As noted by Hennessy et al (2007), a danger of simulation software was that students had the 
impression that every variable in an experiment is easily controlled.  
There is a growing body of research into the classroom use of scientific visualisations 
(Frailich, Kesner, & Hofstein, 2008; Lee, Linn, Varma, & Liu, 2010; Wu, Krajcik, & Soloway, 
2001). These include diagrams and static images, but the term is more typically used to denote 
computer-based, dynamic animations and simulations. While some of the more recent research 
studies focus on evaluations of the effectiveness of scientific visualizations for learning concepts, a 
number of studies relate more to students’ self-reports of their enjoyment and engagement when 
using visualizations (Annetta, Minogue, Holmes, & Cheng, 2009). Geelan, Mukherjee and Martin 
(2012) investigated groups of year 11 students learning physics (Newton’s Laws of Motion) and 
chemistry (Le Chatelier’s Principle) topics, some used computer visualisations and the control 
groups used more traditional pedagogies and resources, such as text books and physical 
experiments. The students were given pre- and post tests to determine the learning that occurred as 
a result of each teaching method. It was found that there were no significant differences in student 
learning between teaching with visualisations and teaching with “conventional” pedagogies. Also, 
the order of instruction (students heard the explanation first and saw the visualisation second or vice 
versa) had no significant effect on learning (Mukherjee, Fogarty, & Geelan, 2011). However, given 
that other research shows that students enjoy learning with visualisations and that their engagement 
with learning is enhanced (Cifuentes & Hsieh, 2001), the finding that the learning outcomes are the 
same as for teaching without visualisations supports teachers’ use of visualisations. 
Geographical Information Systems (GIS) capture, manipulate, analyse and display data on 
specialised layered maps. Students are able to see relationships between data and terrain, for 
example pollution levels or population densities and bodies of water or geopolitical features, which 
might not have been possible by viewing a static map and tables of data. GIS has been found to 
promote students’ development of spatial thinking (Bednarz, 2004). It is a tool for providing 
students with an “authentic education rooted in real world problems” (Bednarz, 2004). Watkins and 
Wagler (2005) studied a pairing of schools with scientists to incorporate GIS into the curriculum. 
Purcell, Ponomarenko and Brown (2006) compared the effectiveness of using a GIS based lesson to 
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a traditional textbook based instructed lesson to teach plate tectonics to three groups of Texan fifth 
graders. The GIS was an internet served system, so there was no requirement to purchase costly 
equipment or licences. There were two GIS groups and one “traditionally taught” group who did not 
use GIS. Of the two GIS groups, one was taught by a teacher trained in GIS and the other teacher 
had little or no experience with it. The “traditionally taught” group did not limit their lessons to 
reading the textbook only - activities included internet searches and a practical in which students 
used biscuits and icing to simulate the movement of plate tectonics. The effectiveness of the 
learning was evaluated by conducting pre- and post-tests (comprising 20 multi-choice and open 
ended questions) for all students. The outcomes showed that overall, all groups performed similarly 
in the pre- and post- tests. The authors concluded that GIS is an equally good method for teaching 
these concepts. However the GIS taught group showed a significantly better performance on 
questions that contained a map-based element. The results showed that the group taught by the 
teacher with GIS training performed better and responded better to the experience than the group 
taught by the teacher with little experience. Thus, although GIS can be used by teachers with no 
GIS training, the study proved that better results are obtained if the teacher has attended GIS 
courses or become familiar via GIS internet online sources. The time required to learn the GIS 
system or usability issues were not addressed. In all these studies, it is not known if the technology 
use was widespread, or persisted after the study. 
2.4.2 Hand-held (mobile) technologies 
Although mobile technologies can be used in the classroom, an additional advantage is that 
they can be used for situated learning, away from the classroom, either during school time or after. 
Examples of such mobile technologies include probes and dataloggers, which can be taken on field 
trips to collect stream water data and air gas constituent data, and smart phones and tablets that can 
record via video, audio and still photograph, and allow access to the internet. In many of these 
studies (e.g., Kravcik, Kaibel, Specht, & Terrenghi, 2004), the students used video or audio 
conferencing technology to communicate with remotely located pupils, for example, to collaborate 
with fellow students in the classroom in the interpretation of field-work data. This allowed situated 
learning to take place and encouraged collaborative learning. Examples of projects utilising mobile 
data collectors with real time collaboration with pupils in the classroom included: gathering data on 
types of conifers, recording text and photographs with a Mobile Collector (Kravcik, et al., 2004), 
urban pollution monitoring (Steed, Spinello, Croxford, & Greenhalgh, 2003), context sensitive 
environmental pollution data compared with data from pupils in other schools (Stanton Fraser et al., 
2005) and flora and fauna data in parks and woods in collaboration with students in the classroom 
(Rogers et al., 2005). Researchers found that the pedagogical advantages of the probes and 
datalogger technologies included that they provided a quick and easy way of capturing “cleaner, 
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less ambiguous results” (Hennessy, et al., 2007). Students could spend more time interpreting the 
data and less time writing lists of numbers and manually drawing graphs (Hisim, 2005; Millar, 
2005). The Mobile Collector used in the RAFT project (Kravcik, et al., 2004) included video and 
audio conferencing facilities and this allowed collaborative and situated learning to take place. 
Dataloggers have been studied in a range of educational contexts, however, none of these studies 
have reported the usability issues of the dataloggers.  
Mobile phones have recording facilities (video camera, still camera, audio), internet access 
and Smartphones and iPads can potentially provide many software applications such as image 
manipulation, word processing etc. Such devices are commonplace items of school students. In the 
classroom, their power can be harnessed for the learning of science, and learning can continue as 
students notice and record examples of the topic being studied in class in their outside world, 
bridging the divide between formal and informal learning (Looi, et al., 2010). Looi et al. (2009) 
reported that mobile devices supported the sharing and creation of student artefacts “on the move”.  
They noted that the key affordances of the small form factor and lightweightness made these 
devices non-obtrusive in the learning spaces of the student, and it linked their learning in and out of 
the classroom. They also commented that the size of the devices was particularly significant to 
smaller children – “the smallness of the technology makes the young children feel in control, makes 
them feel empowered, and thus they are willing to take bigger risks, expend more energy and stay 
on task longer precisely because they are in control. We would not see this same focused activity if 
the grade 2 students were all on laptop computers seated at their desks” (Looi, et al., 2009, p. 1130)  
 The research literature has investigated the benefits of computer based software and mobile 
technology in science learning and concluded that technologies such as simulation offer students an 
idealised situation with clean data, which does not distract them from the science concept through 
real world messiness. Dataloggers and spreadsheets enable the rapid collection of data and display 
of this for consideration by the students, allowing time to be devoted to the higher order tasks of 
evaluation rather than data recording. Mobile technologies allow authentic, situated learning and the 
affordances of the tools have been shown to provide greater student engagement, connecting their 
learning in and out of the classroom. In all these studies, usability of the technology was not 
addressed. In conclusion, the research in the educational field has focused on how technology can 
be incorporated into the curriculum and the pedagogical implications, but not on the design of the 
technology itself and how this could affect its integration into the classroom. The literature has not 
investigated the suitability of the technology to the class, the classroom and the teacher, for 
instance, what prerequisite knowledge is essential before the technology can be used and what level 
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of time effort and support would be necessary to successfully introduce and continue to use it in 
teaching and learning. 
2.4.3 Research projects using technologies in innovative science teaching and 
learning 
The following section reviews the literature on technology use in science teaching and 
learning instigated by research projects in which the content and pedagogy of the lesson were novel 
and under investigation. The studies based on “programmable bricks”, or LEGO Robotics, develop 
the ideas of constructionism and authentic learning.  Constructionism can be defined as “learning 
by making” (Harel & Papert, 1991). “Authentic learning” was proposed by Herrington and Oliver 
(2000), building on constructivist ideas of situated learning theory. Authentic learning happens 
when students identify and solve real world, complex problems. It has been adopted as a major 
driver in the Australian Curriculum for Science.  In the projects described in this section, the 
technology was central to the activities: it prompted new ways of teaching and learning, rather than 
being used to facilitate or expedite an existing task, as in the previous literature.  
Resnick, Martin, Sargent and Silverman (1996) used programmable bricks in three types of 
applications with middle school children: autonomous creatures, active environments and personal 
science experiments, believing that the activities would encourage children to see themselves as 
designers and inventors, and “fundamentally change how children think about (and relate to) 
computers and computational ideas” (Resnick, et al., 1996, p. 443). The work built on Seymour 
Papert’s interest in developing computational thinking, extending the on-screen LOGO turtles into 
the 3D world (although the original turtles from the 1960s were floor based physical turtles). 
Students could use gears, motors and sensors to create machines and robots, then use a simple 
programming interface to control these machines. Resnick et al. (1996) recounted the “active 
environments” project work of two students aged 11 and 12: the students were making the 
environment come alive and react to people, and they decided to make a light switch come on when 
people entered a room and go off as they left. This project was authentic and student driven, it was 
based on their own observations and ideas and therefore connected to the students’ real world. They 
encountered complexities such as initially not having a way of distinguishing whether people were 
entering or leaving the room each time the door was opened, but with some thought they were able 
to experiment and develop effective solutions. A fourth grade class created autonomous robotic 
animals, based on a study of how real animals live and behave. Working in groups of three or four, 
they built a robotic crab, turtle and alligator. A fifth grade class built an “anchovy fish” and a 
dinosaur. The LEGO creatures mimicked the behaviour of the real animals, for instance, the LEGO 
crab’s pincers started snapping when it encountered an obstacle, the turtle’s head retracted when its 
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nose was bumped and the dinosaur was attracted to flashes of light. The students were able to use 
multiple processes for multiple behaviours and thus develop complex behaviours for their creatures: 
for instance, a creature could simultaneously follow a light and avoid obstacles. Resnick et al. 
predicted that the LEGO bricks could be used for a range of personal science experiments in which 
children could investigate everyday phenomena from their observations and curiosity of the world, 
for example sensors attached to their bodies could record how their legs move when running, or to 
collect data from a bicycle wheel to measure rotation, which could then be graphed and analysed. 
Resnick et al. (1996) hoped that their programmable bricks might help students to think about 
things in new ways, and might enable them to perform new types of explorations and experiments – 
that the bricks were “things to think with” (Resnick et al., 1996). The researchers identified the 
following problems with the use of programmable bricks in the classroom: the timescales for the 
projects were large and did not fit well into standard class sessions of about 50 minutes or the time 
allowed for curriculum units. The project ideas were interdisciplinary, and while this could be a 
positive point, in practice, educators were uncertain of where to fit the activities in the curricula.  
Since their work, researchers have looked at the how robotics has been used in the 
educational fields (Bers & Urrea, 2000; Liu & Lin, 2009; Resnick, 2003, 2007; Sakamura, 1999); at 
students’ perceptions of robotics in school (Liu, 2010) and at parents’ perceptions of classroom 
robotics (Feng, Lin & Liu, 2011). Despite the richness of this pedagogy, the literature does not 
report how widespread its adoption is, and what technologies and pedagogies are in use in everyday 
classrooms.  
2.5 Tools for evaluating educational technologies for the classroom  
This section explores the tools in the literature for evaluating educational technology. It 
begins with a summary of usability and its applicability to the integration of classroom technology. 
In this section, the current theories on usability from the human computer interaction (computer 
science) discipline are reviewed. These principles will form the guiding framework for the analysis 
of usability of the technology in this study, including the creation of the survey instrument items, 
data analysis categories and interview questions. 
2.5.1 Usability 
As outlined in section 2.3, Vrasidas and Glass (2005) summarised the main obstacles to 
integrating ICTs into the classroom, including: lack of time for teachers to learn how to use and 
integrate ICT in their teaching; lack of ongoing support; lack of released time and incentives for 
teacher innovators. A technology that is designed with good usability principles is easier to learn to 
operate and does not require memorisation of the procedures. Therefore, a teacher will require less 
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support and training, and it will particularly help teachers who are infrequent users of the 
technology and might return to it once a year. Usability was pioneered by the psychology and 
computer science (Human Computer Interaction) fields, though its relevance extends to all 
engineering and design disciplines. The International Standards Organisation (ISO) standards define 
usability as: “… the extent to which a product can be used by specified users to achieve specified 
goals with effectiveness, efficiency and satisfaction in a specified context of use” (ISO, 1998) 
When considering the issue of usability, a main part of the definition includes “utility”, that 
is, does the product achieve its intended aims? Relating the use of technology in classroom learning 
to the definition of utility, this means that the technology must be able to contribute to a successful 
science lesson to achieve attainment of the learning aims. A technology would not have good utility 
if, despite being very usable and interesting, the technology failed to support students in learning.  
The main principles of usability from human computer interaction theory include those by 
Norman (1988), Nielsen (Nielsen & Mack, 1994) and Booth (1989). Booth’s definition categorised 
usability as usefulness (allowing the user to achieve their goals), effectiveness (the speed of 
performance or error rate, learnability (the ease with which it can be learned) and attitude 
(likeability), and provides an excellent overview of the key aspects. Nielsen (1994) devised the 
following usability heuristics which are more extensive and expansive than Booth’s. The heuristics 
are outlined in Table 2.4 below. Booth’s effectiveness is decomposed into error prevention and 
recovery from error. Nielsen is more specific about learnability, using the principle that the 
cognitive overload for the user should be reduced by the technology, requiring recognition of 
symbols and screens rather than recall or memorisation. These heuristics have a software focus and 
are widely used in industry in the design and evaluation of software and web pages, as well as more 
physical interfaces like, for example, car dashboards. Most of these heuristics can be used to 
evaluate technology, particularly those with a software interface (e.g., simulation software, 
websites, GIS). 
Table 2.4 
Usability heuristics, adapted from Nielsen (1994) 
Usability Heuristic Explanation 
Visibility of system status Do you know what the system is doing; does it give you feedback 
within a reasonable time? 
Match between system 
and real world 
Does the system speak the users’ language or is there jargon? Does 
the information appear in a logical order? 
   32 
Usability Heuristic Explanation 
User control and freedom Is the user able to do what they want or does the system force them 
down paths they don’t want? Can the user exit the system at any 
time? Are there “undo” and “redo” functions?  
Consistency and standards Does the system use different words for the same thing at different 
times? 
Error prevention Careful design to deter users from making errors 
Recognition rather than 
recall 
Does the user have to memorise the system or are there options 
visible to jog their memory, thus reducing the cognitive load? 
Flexibility and efficiency 
of use 
Can the user customise it? Is it usable by both beginners and 
experienced users e.g. shortcuts for experienced users? 
Aesthetic and minimalist 
design 
Uncluttered and pleasing interface. Dialog boxes should not contain 
irrelevant information. 
Help users recognise, 
diagnose and recover from 
errors 
Error messages should be in plain English, explain the problem and 
constructively suggest what to do next. 
Help and documentation Organised by user task rather than exhaustive list of every feature – 
easy to search / navigate – concise, in steps rather than narrative. 
 
Norman’s (1988) usability principles focused less on computer interfaces and applied more 
to everyday objects, including light switches, ovens and cameras. These are outlined in Table 2.5 
below. The first three of Norman’s principles, visibility, feedback and consistency are very similar 
to Nielson’s heuristics of visibility of system status and consistency and standards. However, 
Norman considers the more physical categories of good design, such as constraints (are the options 
for use of a control restricted to make the user operate it correctly?), mapping (is there a natural 
relation between controls and their movements and the results in the real world (for example, panels 
of light switches or kitchen stove controls?) and affordance (do elements correctly signal how they 
are supposed to be used? For example, is it obvious that a door should be pushed or a button 
pressed, not turned?)  
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Table 2.5  
Norman’s usability principles, adapted from Norman (1988) 
Usability Heuristic Explanation 
Visibility Can you see your options for action? 
Feedback Can you see effect of what you did? 
Consistency Are there similar operations and similar elements for similar tasks? 
Constraints Does the system use constraints so that the user feels like there is only 
one possible thing to do – the right thing? 
Mapping Is there a natural relation between controls and their movements and the 
results in the real world e.g. panels of light switches or kitchen stove 
controls? 
Affordance Do elements correctly signal how they are supposed to be used? E.g. is it 
obvious that a door should be pushed or a button pressed not turned? 
 
The above principles are well established in the field of human computer interaction, and 
have formed the basis of analysis in this area during the last twenty years. Jakob Nielsen has 
continued to update his research, gathering worldwide data, and releasing bi-monthly updates on 
usability developments. Nielsen (2007) reviewed the relevance of his usability guidelines for 
websites in 1994 to websites in 2007 concluded that 80% of the findings in web usability studies in 
the 1990s continue to be true. A few guidelines were now redundant due to advances in the 
technology (e.g., better bandwidth reduces download time), behavioural adaptations (people 
become accustomed to certain interaction techniques and conventions) and designers exhibiting 
restraint (e.g., no overuse of “Macromedia Flash” which can make websites slow to open as they 
load overly elaborate graphics).  The usability heuristics of Nielsen and Norman have been adopted 
as effective frameworks to analyse the design of software and hardware, and these are used by 
usability evaluation experts. However, in their existing form they might not be helpful to teachers 
who are seeking guidance in what technology to choose for their classrooms, firstly, due to 
teachers’ limited awareness of this work and secondly, due to the jargonistic nature of the language. 
The following sections summarise the software evaluation tools from the 1980s onwards that were 
created to evaluate educational software. The tools can be categorised based on their style of 
operation: checklists, open answer, heuristics. This evaluation tool literature informed the design of 
the Predictive Evaluation Tool (PET) in this study. 
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2.5.2 Checklist-based evaluation tools 
The checklist style of evaluation framework has existed since the 1980s. As the name 
suggests, this method identifies a series of criteria, and provides the evaluator with a list of 
statements or questions to which they can respond with “Yes” or “No” answer, to indicate whether 
or not the requirement is satisfied. Some contain a few “open” questions to which the evaluator 
would respond with a sentence or two. Checklists were developed during the 1980s  for the 
evaluation of educational software by Holznagel (1989),  Salvas & Thomas (1982) as cited in 
Squires & McDougall (1994), Doll (1994). 
The following quote is an example of the Functional Criteria section from Salvas and 
Thomas’ (1982) checklist (as cited in Squires & McDougall, 1994), and is typical of the format of 
many of the checklists mentioned. It requires Yes/No responses and focuses on the usability of the 
software: 
Is the program easy to start? Y/N 
Are input errors easily corrected? Y/N 
Does incorrect data entry cause termination of the program? Y/N 
The commonality in the checklist style evaluations mentioned above were that all the 
checklists contained questions about the computer hardware (e.g., memory required; hard disk size, 
etc.) and the adequacy of manufacturer’s user guides to instruct the teachers on how to load, run and 
troubleshoot the software. Software of the 1980s was frequently “buggy” and prone to crashing the 
computer, resulting in several minutes of unemployed student time while the computer restarted, so 
unsurprisingly, most checklists contained questions about the robustness of the program – how easy 
it to was to crash the computer and how the program reacted to unexpected actions and inputs from 
users. Most contained items regarding the usability of the software, around the theme of how 
students would fare using it independently. There were items about user control of the software and 
therefore their learning, particularly the pace and navigation. For example, could the student return 
to an area of confusion and repeat it, or slow the pace during more difficult sections. Most 
checklists also considered the feedback given to students by the software when they interacted with 
it – were the students clear about the results of their actions and did the software congratulate or 
correct them appropriately for their responses.  
Perhaps more surprising was the focus on educational pedagogy and learning outcomes from 
some of these early checklists (e.g., Salvas & Thomas, as cited in Squires and McDougal (1994)). 
Five of the checklists contained items relating to alignment of the task and content to the curriculum 
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– many current internet based resources and activities can be engaging and amusing for students but 
they are not learning skills or content detailed by the syllabus or the teacher’s lesson objectives. 
There were also items concerning whether the learning experience was likely to suit the student 
group in mind. These issues include the match between the literacy demands of the software and the 
students, whether the content was sequenced and “chunked” in a way that the target age group 
could digest it within their attention spans. MicroSIFT (1987) and Salvas and Thomas considered 
whether the software would motivate the student and/or encourage creativity. The latter group’s 
checklist was the sole questioner about the software’s ability to develop social skills in the students, 
and the suitability to groupwork, including which size of group would be most effective.  
The above checklists had many attributes in common. Salvas and Thomas’ (as cited in 
Squires & McDougal (1994)) conformed to the classic checklist format, with nearly all questions 
requiring a Yes/No response (no open questions). MicroSIFT (Holznagel, 1983) and Doll (1987) 
both used rating scales – MicroSIFT had a five point Likert scale (Strongly Agree through to 
Strongly Disagree), whilst Doll asked the teachers to evaluate using a four point scale. The Doll 
system numerically aggregated the Agree and Strongly Agree, also the Disagree and Strongly 
Disagree to create a numerical rating for the software. 
In summary, checklists addressed the analysis of computer hardware (e.g., the adequacy of 
the processor speed, the hard disk size) – questions to which a Yes/No response can be easily 
determined. Checklists have been used successfully to compare different computer programs which 
perform similar, well defined tasks (e.g., “drill and practice” software) in which content or specific 
procedures (e.g., long division) are being taught. Tergan (1998) states that the popularity of 
checklists as an evaluation method stems from the following strengths: they are easy to complete; 
they can be conducted by non-experts; and they give the impression of being a complete set of 
criteria. The requirement for the evaluator to find a criterion compliant or non-compliant is an easier 
judgement than deciding the extent or the quality of compliance. The evaluator does not need 
background knowledge or experience with other similar types of software. The list of criteria and 
the categories covered is usually extensive, and can span many pages. It is therefore easy to believe 
that all possible angles have been considered. 
However, there are many criticisms of the limitations of the checklist method of evaluation, 
and these will now be considered. McDougall and Squires (Holznagel, 1983) stated checklists 
emphasised the similarities between software packages when used as a comparative tool, rather than 
the differences. Checklists focus on the technical aspects of software rather than the educational 
issues. Teacher and project generated uses away from the computer are not evaluated – McDougall 
and Squires discuss the Flowers of Crystal software package for primary schools, in which 
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“Grubble”, a greedy industrialist character in the virtual world, is threatening the ecology of the 
imaginary planet “Crystal”. This software was intended to be “a stimulus for creative activities 
within the classroom”, and included teacher resources for activities in diverse curriculum areas: 
language development, mathematics, science, history, geography, art, drama and music. For 
instance, the children made posters and advertising materials for Grubble’s bubblegum factory. 
They created a marketing presentation to class members to investigate new bubblegum flavours and 
assess their sales potential. A student playing the role of Mr Grubble was interviewed about his 
company, his income, his motives, the sources of his workers and some ecological issues. Another 
role play involved a debate between conservationists and developers on questions concerning 
ecology and the quality of life on Crystal. There were also associated art projects, map drawing and 
measuring the growth of plants. Despite the valuable learning experiences inspired by this virtual 
world and the social, emotional, and cognitive development of the students in performing these 
tasks, this software scored badly on checklist styles of software evaluation. The package rated well 
on documentation and presentation, but scored badly on user control and flexibility – students are 
constrained to choose from set alternatives and the way in which they interact with the program is 
fixed. The program did not have a clearly defined topic or fit for the syllabus. The checklists were 
unable to account for the broader learning and activities carried out away from the computer itself. 
Thus the checklist method failed to identify this software as one that can enhance learners’ 
intellectual, social and emotional development. 
Another area of concern with checklists is validity (Tergan, 1998). Construct validity refers 
to the extent to which operationalisations of a construct (e.g., practical tests developed from a 
theory) actually measure what the theory says they do. Content validity is a non-statistical type of 
validity that involves “the systematic examination of the test content to determine whether it covers 
a representative sample of the behaviour domain to be measured” (Anastasi & Urbina, 1997, p. 
114). Tergan (1998) discussed the problem of validity of the checklist method - do the checklist 
items and categories address the issue of concern? One way of deciding upon the items for inclusion 
is to develop and/or check criteria by a consensus of educational experts. However, Tergan was 
concerned that the criticisms from the experts regarding the relevance of criteria could depend 
strongly on their theoretical backgrounds.  
Tergan (1998) also analysed the effectiveness of checklists with respect to one and many 
dimensional criteria. He stated that checklists are unproblematic when considering one-dimensional 
criteria (e.g., costs, hardware, etc.), but they have difficulty rating two-dimensions, for example, the 
interaction of instructional design features in combination with learner characteristics. Tergan 
appreciated that learners had individual characteristics and varied in their comprehension of text 
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and graphics, depending on their cognitive preconditions (Kintsch & Vipond, 1979; Maichle, 1994), 
and so the learner would be a factor in the evaluation analysis.  
In summary, whilst checklists of the 1980s were strong in analysing “one dimensional” 
criteria, such as the hardware requirements for the computer running the software, or for comparing 
two similar softwares for functionality, they were insufficiently sophisticated to identify for 
software that could enhance the social and emotional development of the learners. They were better 
at analysing the “drill and practice” software, in which content or specific procedures (e.g., long 
division) were being taught, and this supported the dominant teaching and learning styles of the era. 
Also, ascertaining the validity of checklists is problematic. The following section discusses the 
changing trends in education from the 1990s onwards and the different requirements on software 
resulting from this. 
2.5.3 Qualitative tools to suit changing educational models 
Many of the checklist style educational software evaluation tools of the 1980s supported the 
more didactic, teacher-led educational paradigms of the day, and did not sufficiently consider 
learning issues (Squires & Preece, 1999b). The pervasive educational model was the transmission 
of content from teacher to learner, and regurgitation of content from learner to teacher via written 
assignments and tests. However, learner-centred philosophies have gained educational momentum 
during the last twenty years. In this model, the student takes responsibility for their learning, and the 
teacher’s role is as facilitator of this learning. A central philosophy is constructivism (see section 
2.2) – from Piaget (1998), learning is a personal, idiosyncratic process, characterised by individuals 
developing knowledge and understanding by forming and refining concepts. Soloway, et al. (1952) 
state that learning and understanding involves “active constructive, generative processes such as 
assimilation, augmentation and self re-organisation. Learning is the enculturation, the process by 
which learners become collaborative meaning makers among a group defined by common practices, 
language, beliefs, use of tools and so on” (p. 190). These notions of constructivism and 
socioculturism together can be labelled “socio-constructivism”. 
The moves in educational philosophy from teacher centred to learner-centred pedagogies 
have placed new demands on software. The software should facilitate deep learning which allows 
students to progress beyond the specified context to be able to apply this learning in new situations 
(as described in the application level of Bloom’s Taxonomy). From socio-constructivist theories, it 
is clear that peer group discussion and work is prominent in helping students to learn, so software 
should support collaboration too. The following section discusses the 1990s movement from 
checklists to evaluation styles which favour open questions, and a more qualitative feel to 
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evaluation. The following section looks at usability heuristics as an educational software evaluation 
method. 
2.5.3.1 Heuristics 
In 1985, Preece and Jones (as cited in Squires & McDougall, 1994) proposed a checklist to 
help teachers to evaluate educational software. However, Preece working with David Squires 
(1999) later rejected checklists, declaring that they focused on software attributes at the expense of 
learning issues, and failed to adopt a socio-constructivist view of learning. Squires and Preece, 
building on the earlier work of McDougall and Squires (1995) argued that there was a need to 
consider classroom interactions, theories of learning processes and curriculum issues, and these 
could not be adequately addressed by a checklist. Educational software should support the move 
from the traditional teacher centred model to a learner centred pedagogy, in which the teacher has 
the role of manager and facilitator of learning. 
Squires and Preece (1999) proposed instead a more qualitative approach to software 
evaluation, with heuristics to guide the evaluation process. They were drawn to the heuristics 
developed by Jakob Nielsen (Nielsen & Mack, 1994), who worked in the field of software usability. 
Heuristics are a “rule of thumb” used by analysts to obtain the best solution. The evaluation would 
usually be performed by consultants, who possess knowledge of usability evaluation methods and 
also the operational context of the software. Squires and Preece (1999) analysed Nielsen’s heuristics 
against the notions of cognitive and contextual authenticity, and concluded that they could be the 
basis for developing a set of “learning with software” heuristics, which would consider both 
usability and learning issues. This was never developed further, but if set in language easily 
understood by non-usability experts, it is proposed in this study that it could prove a very useful 
tool for teachers when performing evaluations of technology. 
During the early 2000s, researchers published evaluation studies of software used in subject 
specific settings or for specific contexts. Weston (1996) considered the technical, curricular and 
practical factors that can inhibit the implementation and compatibility of a program in the school 
context. However, his focus of evaluation was from the perspective of software development – 
formative evaluation to improve the design of the product, and whilst he highlighted many problem 
areas with software implementation in schools, he did not propose a framework for evaluation.  
Meira and Peres (2004) suggested a dialogue based approach for evaluation. They studied 
users’ dialogue whilst interacting with particular software, and used Conversation Analysis to 
discover the breakdowns in conversation, thus enabling them to map the mismatches between users’ 
actions and software behaviour. This allowed them to focus on the activities facilitated by the 
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software, rather than on the software features. Although this method was effective for the 
researchers, who were highly skilled in Conversation Analysis techniques, the method is unlikely to 
be successful with teachers who lack the necessary experience to perform the analysis. In 
conclusion, although many research papers have been published that evaluate a particular software 
in a specific educational context, evaluation frameworks (that do not require specialist 
methodological skills) to help teachers identify effective educational software have not been 
proposed in the 2000s. 
In summary, the 1980s saw a surge in the quantitative based checklist style of evaluation for 
software. During the 1990s it was suggested that the checklist style contained serious flaws and the 
more qualitative style of heuristics evaluation, with open questions, would give a stronger 
indication of the value of software in an educational setting. The latter method’s “open question” 
approach leads to a deeper understanding of the potential of the software, but it requires experience 
and understanding of the methodology to produce a valid result. The checklist method allows a 
novice teacher to be guided into a choice, but does this capture sufficient complexity? There has 
been a lack of research in the area of predictive evaluation in the 2000s – case studies of summative 
evaluation of particular software in specific subjects are published, but it can be difficult to see what 
can be generalised from this. There have been no overarching frameworks that help teachers to 
select software and incorporate it into their teaching. Clearly more research is needed in providing 
easy to use guidelines that aid teachers in identifying effective technology for teaching and learning. 
There is a clear need for guidance for teachers in selecting effective technology for the 
classroom. Teachers are under increasing pressure to incorporate ICT into their lessons from school 
management and other stakeholders in education e.g., government, parents and community groups. 
Teachers receive an overwhelming amount of information about educational technology from 
educational software manufacturers at trade shows, professional development days and through 
catalogues in their mailboxes. Some guidance can be gained from the case studies published in the 
recent literature, however, it is not always clear how generalisable the contexts are - a more direct 
easily applicable model is required. Future research directions need to address this.  
The benefits of clarity and speed of the checklist method can perhaps be adapted to 
incorporate the heuristics of later paradigms. There is a need to recognise the benefits of both the 
checklist and the heuristics methods that consider the usability of technology and to create 
frameworks that can guide the teachers of the 2010s and beyond in making productive technology 
choices for their classrooms. 
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2.6 Chapter summary 
This chapter began with a consideration of the literature for the recommendations and 
imperatives for the use of technology in science teaching and learning. Next the theoretical 
frameworks for learning (with technology) were presented. Pedagogical models such as Mishra and 
Koehler’s (2006) TPACK model, Bloom’s Revised Taxonomy and Productive Pedagogies were 
overviewed as contemporary models for analysing classroom practice. This combined literature 
forms the basis for the development of a model of technology integration for science teaching and 
learning, which will be investigated and developed in this study. 
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3 Methodology 
3.1 Overview 
This study was multi-layered and multi-dimensional. Its focus was on the development of a 
model showing the key factors at play when technological tools are used in classroom science 
teaching. The intention was to create a digital tool, the Predictive Evaluation Tool (PET), for 
assisting teachers to analyse technological science teaching and learning resources, based on the 
model developed. The study’s design incorporated survey research, grounded theory methodology, 
think-aloud interview protocols and case study research. These methods are outlined in this section 
to provide background to the overall design of this study.  
Agile methodologies are used to develop the Predictive Evaluation Tool (PET) and this is 
outlined in section 3.1.1. Section 3.1.2 describes survey research. Section 3.1.3 provides details of 
the background and development of grounded theory, to contextualise the particular approach taken 
in this study. In section 3.1.4, think aloud protocol is described – this is used in validation of the 
survey and in testing the Predictive Evaluation Tool. In section 3.1.5, case study methodology is 
briefly overviewed: a small case study of one particular classroom observation was conducted to 
illustrate the issues arising in the study. This section concludes with an overview of the design of 
this study showing how each of these methodologies was incorporated (3.1.6). 
The study participants are described in 3.2 (survey participants 3.2.1, interview participants 
3.2.2, and PET development participants 3.2.3). Next, the data sources are described in section 3.3. 
Finally in this section, the procedure for the study is outlined in 3.4, and the data analysis in 3.5. 
3.1.1 Agile methodologies (PET development) 
The Predictive Evaluation Tool (PET) is a software product developed in this study to aid a 
teacher in identification of a productive technology for use in the classroom. It was developed using 
the findings of the study, and informed by the existing education and usability (from the Human 
Computer Interaction and Interaction Design) literature. The following section describes the 
development methodology for the PET.  
Agile methodologies are software development methods that privilege adaptability and 
iterative, incremental development over the pre-determined, rigid schedules of traditional software 
development models. Standard software development models, such as the waterfall model (2004), 
comprise sequential phases: requirements analysis, design, implementation, verification and 
maintenance, with rigid prescribed time periods for each phase of the development. Although there 
is an element of cyclical work, essentially each phase is completed and comprehensively 
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documented before the next begins. Therefore, with testing performed at the end, any flaws in the 
overall workflow or design are difficult to rectify at this late stage. Also, the product is unable to 
respond to changing “customer” (in this context, the teacher) or situational needs as the 
development progresses: the customer does not see the product or give feedback until the product is 
released (or beta tested just prior to full release). Frequently, the customer does not realise what to 
request until they have seen a version of the product.  By contrast, the focus of agile methodologies 
is the rapid development of prototypes. There is minimal documenting and each stage of the 
development is tested and critiqued by the customer and clients. The design is fluid and can be 
altered at each stage to incorporate feedback and changing requirements. 
3.1.2 Survey 
Survey research can be used to gather data to describe trends in the attitudes, opinions, 
behaviours or characteristics of a population (Royce, 1970). Surveys can be an economical and 
efficient means of gathering a large amount of data from many people, and they can help to identify 
important beliefs, to describe the relationship between variables or to compare groups. A survey can 
be conducted on the whole population, or, more commonly, on a sample of the population that is 
representative of the whole population.  
Survey items can be closed-ended or open-ended questions. Closed-ended questions offer 
the participant a fixed range of choices, for example, yes, no, or multiple choice pre-set options. 
The advantage of this is that coding is quick and can be performed by computer. The responses can 
be compared, and even assigned numerical values for statistical analysis. However, the responses do 
not always reflect the true experiences of the respondents. Open-ended questions allow the 
participant to respond in an unconstrained manner, using sentences comprising words of their 
choosing – this can be useful for eliciting additional issues not addressed by the survey or to allow 
the participant to respond in their own language within their cultural and social experiences rather 
than through the researcher’s experiences (Creswell, 2007). However, analysis and coding can be a 
more time-consuming process than the analysis of closed-ended items – the responses need to be 
categorised into themes, and although this can be performed by software, it is a lengthier process. If 
hand-written, the text must first be transcribed and entered into the software, and since words can 
have multiple meanings and nuance depending upon context, a researcher needs to read the data to 
check the software’s interpretation of expression. It is common to have semi-closed ended questions 
in a survey: in this, a closed-ended question is asked followed by a request for additional responses 
in an open-ended question. 
The survey instrument can be a document (electronic or paper-based) that is completed by 
the participant without researcher intervention. Alternatively it could take the form of a one-to-one 
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interview in which a researcher asks structured questions (open or closed) and records the 
participants’ answers. The advantages of using survey instruments to gather data are that they can 
be completed in a relatively short time, they are economical as a means of data collection and they 
can reach a geographically dispersed population. Also, participants are able to give responses 
anonymously and without the potential for interviewer bias. Surveys can be either cross-sectional or 
longitudinal: in a cross-sectional study, the researcher collects data at one point in time, with the 
intent to examine current attitudes, beliefs, opinions or practices. This type of survey could also be 
used to compare two or more groups at the same point in time. Longitudinal survey designs study 
the changes in the same cohort or population over time: these could be trend studies (changes within 
some population over a period of time – this need not be the same people in the population), cohort 
studies (studies of a subpopulation who share common characteristics) or panel studies (study of the 
same people over time). 
Some of the biggest problems in survey research are: obtaining a high questionnaire 
response rate from the sample population (the percentage of completed questionnaires returned) and 
writing questions that are clear, concise, unbiased and jargon-free. A high response rate is essential 
if a strong claim for generalising the results from the sample to the population is to be made. There 
are several strategies that can be used to improve the response rate, including using participant pre-
notification of the questionnaire and follow-up letters. 
3.1.3 Grounded Theory (interview data) 
This study’s basis is in grounded theory, of which there are three key versions: (a) Glaser 
and Strauss (1967), (b) Strauss and Corbin’s 1987 version proposing a more prescriptive coding 
method, and (c) the constructivist ideas adopted by Charmaz (2006). The following section firstly 
outlines the grounded theory developed by Glaser and Strauss, which resulted from the lack of 
contemporary sociological methodologies for theory generation. It then describes the grounded 
theory published by Strauss with Corbin in 1987, including its ontological and epistemological 
framings, and the subsequent divergence in methodology that developed between Glaser and 
Strauss. Finally there is a summary of the adaptations of grounded theory along constructivist lines 
by Charmaz. 
Grounded theory evolved from Glaser and Strauss’ study of dying hospital patients and their 
families during the 1950s and 1960s in America. Their focus was the interactions between staff 
members, the patients and their families, and they discovered that the expectation of death by both 
the dying and the relatives was key to understanding the interactions between those people: this led 
to the generation of a theory that was described in their book, Awareness of Dying (Neuman, 2006). 
Glaser and Strauss published the methodology they developed for this study in the book, “The 
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discovery of grounded theory: strategies for qualitative research” (Glaser & Strauss, 1965). As they 
mention in the Preface, grounded theory evolved to bridge the gap that existed between theory and 
empirical research – although they acknowledged advances in the methods for testing sociological 
theory, they believed that at the time, the capacity for generating theory in social sciences research 
was limited to providing quantitative verification on issues such as sampling, coding, reliability, 
validity, indicators, frequency distribution, conceptual formulation, construction of hypotheses and 
presentation of evidence. They alleged that all research effort was being directed towards 
“mastering great-man theories and testing them in small ways” (Glaser & Strauss, 1967 p. 10), (here 
“great-man” refers to the eminent sociologists who had generated grand theories, including Weber, 
Durkheim, Simmel, Marx, Veblen, Cooley, Mead, and Park). Glaser and Strauss’ emphasis was on 
theory generation rather than verification and they believed their contemporaries lacked methods for 
generating theory from data. They developed a methodology that generated theory directly from the 
data, using a general method of comparative analysis. Glaser defines grounded theory as “a general 
methodology of analysis linked with data collection that uses a systematically applied set of 
methods to generate an inductive theory about a substantive area.” (Glaser & Strauss, 1967).  
The method’s roots are derived from the Symbolic Interactionism movement from the 
Chicago School of Sociology, between 1920 and 1950, spearheaded by John Dewey and George 
Herbert Mead, which explores the processes of interaction between people’s social roles and 
behaviours. Interaction is symbolic because these processes use symbols, words, interpretations and 
languages (Denzin, 1989), and symbolic interactionism is a branch of interpretivism, where the 
emphasis is on eliciting and understanding the way meaning is derived in social situations. The 
assumption is that people make sense of, and order their social world and individuals sharing 
common circumstances experience common perceptions, thoughts and behaviours. Each group 
experiences a common psychological problem that is not always articulated, and the aim of the 
researcher is to identify this problem.  
The original Glaser and Strauss methodology espoused completely empirical and deductive 
approaches in which not even the research problem should be preconceived, but it should be 
allowed to emerge from the systematic collection and treatment of data during the research process. 
The researcher aims to find the core variable of the emergent theory, that is, a summary of the main 
concern that drives and directs the participants’ behaviours.  Letting patterns emerge from the data 
was a hallmark of this theory, rather than to have the researcher perform logical deductions, 
conjecture or preconceive ideas. Due to this rationale, grounded theory methodology has no 
attachment to any particular theoretical disciplinal paradigm, ontology or epistemology. Ontology is 
the branch of philosophy that considers the nature of what it means to be something (Glaser, 1992, 
   45 
p. 16); it is a systematic account of the nature of being and existence. In the context of education, 
ontology is to study what it is to be a learner, a teacher or a more knowledgeable peer. 
Epistemology refers to underlying assumptions about how it is possible to acquire knowledge about 
social reality, and how the knowledge that exists can be made known (Jardine, Friesen, & Clifford, 
2006). Since ontological and epistemological positions contain pre-framings or pre-conceptions, 
and Glaser and Strauss asserted that the theory should be derived solely from an examination of the 
data, their grounded theory was ontologically and epistemologically free. In this methodology, all 
literature reading had to wait until the end of the research: by doing this, the theory was forced to 
emerge from the data rather than the data being retro-fitted around a pre-adopted idea. The concept 
generation was paramount: the aim was to discover and name latent patterns and the relationships 
between these patterns as they emerge from the data, instead of being forced to use received 
concepts. In their 1967 book, Glaser and Strauss did not label the data analysis process as “open” 
coding or “theoretical” coding, but instead emphasised the constant comparative method for 
generating theory. In this, the researcher begins by coding each incident (i.e., each identifiable unit 
of meaning) and compares the code to the previous incidents in the same and different groups. 
Categories and properties are created in the constant comparative process and these categories and 
properties are integrated by reduction. In his later work Glaser (Blaikie, 2009), identified 
“substantive coding” (comparing incident to incident to generate categories and comparing new 
incidents to these categories), and “theoretical coding” (conceptualising how the substantive codes 
may relate to each other as hypotheses to be integrated into a theory). 
Strauss, working with Juliet Corbin, developed grounded theory into a more systematic 
approach (1992). This used three distinct phases of coding: open, axial and selective coding, to 
develop a logic paradigm or a visual picture of the theory generated. Unlike in the Glaser and 
Strauss (1967) work, theoretical frameworks were identified in the Corbin and Strauss grounded 
theory methodology. They proposed that the nature of events and human responses arose from 
Symbolic Interactionism of Blumer and Dewey’s Pragmatism: persons play an active role in 
shaping their lives by the way they either handle or fail to handle the events or problems they 
encounter. Blumer’s Symbolic Interactionism captures the idea that human social interaction is not 
only performed in order to convey practical purposes and intentions but it is also central to creating 
and exchanging meanings. Blumer believed that although people do sometimes act in a “stimulus 
response” manner, they later interpret their actions, so meaning is one of the practical consequences 
of social action. Corbin and Strauss’ grounded theory analysis procedure: open coding, followed by 
axial coding, and finally selective coding is described in 3.5.2.  
   46 
Charmaz developed grounded theory from a constructivist perspective, stating that a 
constructivist grounded theory retains the “fluidity and open-ended character of pragmatism” 
(Corbin & Strauss, 2008). Whilst Glaser and Strauss proclaimed that theory emerges from the data 
separate from the observer, Charmaz took the position that the researcher is a part of the study and 
the collected data. The grounded theories are constructed through the researcher’s “past and present 
involvements and interactions with people, perspective, and research practices” (Charmaz, 2006, p. 
46). Chamaz claims that there are at least two phases of coding: initial and focused.  In initial 
coding, the data is studied for its meaning, sometimes adopting the participants’ language as in vivo 
codes. During focused coding, the most important initial codes are tested against data. Data is firstly 
compared with data, and then data with codes. 
3.1.4 Think aloud method (survey validation and PET testing) 
The think-aloud method involves instructing participants to perform a task, usually 
involving problem solving, while “speaking what goes through their head” – stating directly what 
they think (Charmaz, 2006, p. 10). The participant is not required to interpret or explain their 
understanding, just to give an account of their thoughts in their own words. The method gives raw 
data about the participant’s cognitive processes and is commonly used in the fields of psychology, 
education and computer science to study problem solving, expert knowledge, learning processes 
(Van Someren, Barnard, & Sandberg, 1994) and usability, or any process that produces 
intermediate thoughts that can be verbalised. It is also used to test validity, and will be applied in 
this study to test the validity of the survey instrument – specifically the comprehension of the 
language and terminology used in the items. It was also used to test the Predictive Evaluation Tool 
items to determine how the language for the items was being interpreted by teachers. 
3.1.5 Case study 
Case study is a particular type of ethnographic study (a methodology to describe, analyse 
and interpret a culture-sharing group’s patterns of behaviour, beliefs or language). In this context, 
culture can be defined as “everything having to do with human behaviour and belief” (Anzai & 
Simon, 1979). As distinct from ethnography, case study can focus on an individual program, event 
or activity involving individuals rather than a group (Stake, 1995) and it is an in-depth exploration 
of a bounded system based on extensive data collection (LeCompte, Preissle, & Tesch, 1993, p. 5).  
Bounded means that the case is separated out for research in terms of time, place or some physical 
boundaries. The case is studied by collecting qualitative data – for example, by conducting 
interviews and observations. The data can be recorded in the form of audio / video recording and 
notes taken by the observer. 
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Case studies can be intrinsic, instrumental or collective. With an intrinsic case, the subject is 
chosen because it is unusual and has merit in and of itself, whereas with an instrumental case, a 
specific issue is the focus of the qualitative study and the case is used to illustrate that issue. In a 
collective case study, multiple cases are described and compared to provide insight into an issue. 
3.1.6 The study 
The focus of this research was to investigate the important factors for technology use in a 
science classroom and to develop a model that encapsulated this. The intention was that this model 
would inform the design and development of a digital tool for use by science teachers specifically, 
to provide a means of evaluating classroom technological teaching and learning resources. This 
digital tool was envisaged as a Predictive Evaluation Tool: a PET. 
The survey research was used to obtain a “snapshot in time” picture of technology usage in 
science classrooms, and to obtain information about the problems teachers encountered when using 
it. This provided background to inform the interview questions, and enabled the researcher to get a 
feel for the extent of classroom technology usage – individual cases of innovative technology use 
reported in the literature do not indicate how pervasive the practice actually is. Following this, eight 
teachers were interviewed and the analysis of these interviews followed a grounded theory 
approach. Application of Strauss and Corbin’s grounded theory analysis method provided the 
categories and revealed the key factors teachers used in choosing a technology and using it in a 
classroom context. One of the key aspects of grounded theory is the development of a model and 
this approach supported the development of a model of the use of technological teaching and 
learning tools in a classroom context. The chosen methodology for the interview analysis was 
adapted from grounded theory based on Corbin and Strauss. It concurs with the Glaserian approach 
to look for emergent categories and to be grounded in the data, whilst recognising that some of 
these categories from the data reflect the current educational and Human Computer Interaction 
models and heuristics (as outlined in chapter 2.5.1) and where categories have been recognised, 
they were labelled using the terminology of the existing models. Thus the methodology adopted 
favoured Corbin and Strauss’ approach of making use of the technical literature for: making 
comparisons, enhancing sensitivity, providing questions for initial observations and interviews, 
stimulating questions during analysis, suggesting areas for theoretical sampling, confirming 
findings and “using findings to illustrate where the literature is incorrect, simplistic or only partially 
explains a phenomenon” (Creswell, 2007), and generating a more complete theory as a result. 
Validity in grounded theory is not judged using the same criteria as validity in other 
qualitative studies. It is judged by fit (how closely concepts fit with the incidents they are 
representing), relevance (does the study deal with the real concern of participants?), workability 
   48 
(the theory works when it explains how the problem is being solved with much variation) and 
modifiability (a modifiable theory can be altered when new, relevant data is compared to existing 
data) (Glaser & Strauss, 1967). A grounded theory is never right or wrong: it just has more or less 
fit, relevance, workability and modifiability. 
This analysis aimed to produce a middle range theory, that is, an abstract explanation or 
understanding of a process about a substantive topic, grounded in the data. It analysed data from 
eight case studies and further interviews and observations. A single case study might have informed 
a minor working hypothesis (Glaser & Strauss, 1967, p. 33), and these data alone are not 
sufficiently extensive to have the wide applicability or scope to generate a grand theory. 
Agile methodologies were chosen as the development methodology of the Predictive 
Evaluation Tool (PET). The understanding of how teachers can be helped to choose technology for 
the science classroom developed and evolved during the creation of the tool and in accordance with 
the iterative principles of agile product development, at each stage, the PET items were validated 
and tested with groups of teachers or pre-service teachers and the feedback received informed the 
development of successive versions of the PET. It was primarily tested with practicing classroom 
teachers using the think aloud interview protocol, and these interviews took place in a sequential 
manner.  
The ultimate field testing of the PET occurred via a case study of a teacher who was in the 
process of incorporating a new technology into his science teaching. The teacher was interviewed 
about how he chose the technology, and he completed the PET performing a think aloud protocol. 
His class was then observed using the technology. This case study was instrumental (see 3.1.5), 
since the specific issue of predictive evaluation was focus of the qualitative study, and the case was 
used to illustrate that issue. 
3.2 Participants 
The study required various participants for the particular phases, as outlined below. 
3.2.1 Survey participants 
Survey participants totalled 75 teachers from three educational sectors (state: 47 teachers; 
Catholic Education: five teachers and independent: 20 teachers). Three teachers did not declare their 
school name or sector on the survey. Five teachers taught in primary and the rest were secondary 
teachers. The teaching experience ranged from under five years to over 25 years. 
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3.2.2 Interview participants 
Interview participants comprised nine in-service secondary science teachers (six State 
school, one Catholic Education and two Independent school), each of whom had recently chosen a 
new technology to use in their science classrooms. Their teaching experience ranged from less than 
two years of teaching experience (labelled “novice”: one teacher), between two and approximately 
six years’ experience (labelled “early career”: 2 teachers), around 10 years’ experience (labelled 
“mid career”: 1 teacher) or 15 or more years’ experience (labelled “experienced”: 4 teachers).  
3.2.3 PET development participants 
Many participants were involved in the development of the artefact due to the iterative 
nature of its design methodology (see 3.1.1). In total, there were 37 science teachers, comprising 31 
in-service teachers and 6 pre-service teachers. The in-service teachers’ experience ranged from post 
novice to very experienced secondary science teachers. The pre-service teachers were in their final 
year of education and were 6 months from being fully qualified secondary science teachers. The 
final round of testing of the PET was performed on eight in-service teachers who were in the 
process of acquiring or had recently acquired a new technology for use in their science classrooms. 
They included four experienced teachers, one mid-career, two early career and one novice teacher.  
3.3 Data sources 
3.3.1 Survey 
The survey instrument was a pen and paper questionnaire comprising 30 tick-a-box closed-
ended items. The survey was organised into two sections (see Appendix A). Section 1 asked 
teachers to list the technology to which they had access in their school, and the frequency of its use. 
“Frequently” was defined as “used at every possible opportunity”, since a simple frequency count 
would not account for the fact that some technology might only be relevant to the science teaching 
once or twice a year. The other categories were “infrequently” and “investigated (learnt about) but 
never used in the classroom”. A check box was associated with each technology for teachers to 
indicate whether the work programme mandated the use of that particular technology, or whether 
they were using it through choice. A final question asked teachers to add any other technologies 
they used to the list. 
Section 2 of the survey related specifically to the usability (see section 2.5.1) of the 
technology. Teachers were required to select two technologies they had used in the classroom and 
to answer closed-ended, multi-choice questions about its usability. Teachers were also asked 
whether they intended to use this technology in the future. The items were created from the 
usability heuristics of Donald Norman (Norman, 1988) and Jakob Nielsen (Nielsen & Mack, 1994) 
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(see section 2.5.1). In a summative open-ended item, teachers could add further information, 
particularly about difficulties or positive aspects of the technology that had not already been 
addressed by survey items. The last page contained questions on the background of the teacher and 
optional personal data, but the survey instrument could be submitted anonymously without these 
details.  
Reliability and validity 
According to Corbin & Strauss (2008), the reliability of survey instruments can be 
compromised by several factors, some of which are beyond the control of the researcher. However, 
two main factors affecting survey reliability relates to inclusion of unclear or ambiguous questions, 
and/or variation in test administration. They also state that reliability can be influenced “the 
participants are fatigued, nervous, misinterpret questions or guess on tests when presented with the 
survey  (p. 37). To reduce factors affecting reliability of survey data, an iterative process of trialling 
and re-trialling particular questions on the survey was undertaken. To this end, five in- service 
science teachers (four secondary and one primary) were consecutively asked to complete the survey 
in the presence of the researcher and to conduct a “think-aloud” protocol (see 3.1.4), so that their 
interpretation of the questions and the language used could be uncovered. In the individual 
interview/trial, the researcher also selected particular words and asked individual teachers to 
describe their understandings of them. If teachers’ interpretation of words or phrases differed to the 
researcher’s intended meaning, the researcher would share the intended meaning and ask the teacher 
present to suggest alternative words and phrases from that might fit better. In this way the survey 
instrument was amended iteratively based on given, successive responses. This approach was taken 
with three of the in-service teacher, after which the next two teachers suggested no further changes. 
At this point, it was assumed that saturation had been reached by five. 
The procedures of the instrument administration were standardised (see section 3.4.1) so this 
was not considered to be a threat to validity. The procedure also details that when presented with 
the survey, the participants were made aware that they were not being judged, that all responses 
were confidential and that the researcher was not in any position of power that could affect their 
career prospects, promotions and so on. Therefore nervousness or fatigue was not deemed as a 
threat to the reliability of the instrument.  
Validity refers to the appropriateness, meaningfulness, and usefulness of the specific 
inferences made from the test scores (Goodwin & Leech, 2003). The traditional types of validity are 
content (how well the items represent the entire universe of items), criterion-related concurrent 
(how well a measure estimates a criterion), criterion-related predictive (how well a measure 
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predicts a criterion), and construct (how well a measure reflects some underlying construct or latent 
variable; links the observed scores to some underlying model or theory) (Rudner, 1993). The survey 
was checked for content validity by asking experts if the items covered all the areas of concern. In 
this case, the five in-service teachers were the experts who gave opinions on the educational aspects 
and a usability expert gave an opinion on that aspect of the items. The survey continued to check for 
content validity by the inclusion of the items asking teachers to submit any further technologies or 
concerns about its use that were not covered. Criterion-related concurrent validity (how well a 
measure estimates a criterion) was not relevant since the usability assessment items of the 
technology were attitudinal, subjective variables.  Predictive validity of the whole model generated 
from all the study data, including the survey, was checked in the case study, in which a teacher was 
firstly interviewed about his approach to the selection of educational technology, followed by him 
completing the PET. He was then observed using the new technology in the classroom with his 
students. 
Contemporary views on validity, such as those of Hubley and Zumbo (1996), de-emphasise 
the traditional three types of validity (content, criterion-related and construct) and argue that there 
should be a more integrated approach to assessing validity in the social sciences. They advocate that 
the scores should be studied and plausible alternative inferences from the scores disproved. Scores 
are valid if they have use and they result in positive social consequences. 
3.3.2 Interview 
The interviews were approximately one hour long, individual sessions conducted at the 
teachers’ schools, and they were audio recorded. The interview was semi-structured (Gay, Mills, & 
Airasian, 2006) in that the questions were designed to initiate conversation, with further questions 
contingent upon the responses given. The open questions allowed the teachers to relate their stories 
and beliefs, and so to discover the reasoning behind the survey answers. The prepared questions are 
listed in Appendix B. The questions elicited data about the teachers’ reasons and decision making 
processes for choosing the particular technologies, their experiences of setting up and learning to 
use the technology, the success or otherwise of the technology when used with the students in class 
and the teachers’ overall evaluation of the technology as a teaching resource. The usability 
questions were derived from the frameworks and heuristics of Norman and Neilsen (see section  
2.5.1). In keeping with the grounded theory methodology, items were added for subsequent 
interviews if one interviewee spoke about an issue that was perceived as being likely to affect other 
science teachers when using different technologies.  
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3.3.3 PET 
The Predictive Evaluation Tool (PET) was a software tool designed in this study for the 
purposes of helping teachers to perform an analysis of a technology used in science teaching before 
they made the decision to acquire it, learn it and use it in their teaching. It comprised a number of 
items that teachers could rate from 1 to 5 and the result from the tool could help them to identify 
areas that were potentially problematic if they were to use that technology with a specific student 
group in a specific school setting. The prototype for the artefact was developed in an Excel 
spreadsheet. Excel was chosen because it allows easy computation of scores, storage of data and 
creation of interactive forms (drop boxes, radio buttons) without the need for much programming. 
The intent was that the final version would be a web application hosted on a server, so that it would 
be available to any teacher requiring help in analysing a technology for teaching. The data sources 
for the items were the survey, the interviews (both raw data and the model derived from this) and 
the educational and Human Computer Interaction literature. The development procedure was an 
iterative, cyclical design based on agile programming methodology (see section 3.1.1). 
3.3.4 Case study data sources 
The data sources for the case study were field notes in a journal, taken during a classroom 
observation, audio-recorded formal teacher interview and informal student comments. 
3.4 Procedure 
3.4.1 Phase 1 – Survey 
Participants for the survey were approached at the Science Teachers’ Association of 
Queensland (STAQ) Conference. Permission was obtained from the organisers to address the 
conference at the end of the first keynote session, where all delegates were informed about the study 
and invited to participate. The researcher set up a table in the foyer and teachers were approached 
during lunch and break periods and asked if they would like to participate. Those who agreed were 
given a Participant Information sheet; they had time to consider the information and were then 
asked to sign the Consent form. They were then handed the pen and paper survey to complete, 
which they did by ticking the appropriate boxes. The survey was anonymous, but there was a 
detachable section in which participants could agree to a later interview about their recent 
technology choices, and these teachers were asked to provide their contact details. The survey took 
approximately 10 – 15 minutes to complete. The completed surveys were deposited into a sealed 
box for later collection. All participants were in-service science teachers and were able to give 
informed consent. The majority of the surveys (approximately 55) were collected on one day. The 
remainder were collected by visiting schools (with prior permission from the Heads of Department) 
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during the following few months, addressing the science staff during a break and requesting 
teachers to participate in the survey. Ethics approval for the study was sought and granted from the 
University of Queensland and Education Queensland as the gatekeeper for the state schools. The 
private schools provided individual consent.  
3.4.2 Phase 2 – Interview 
The second phase of the project was interviews of eight teachers who had recently selected 
and acquired a new technology for use in their science classrooms. The purpose of the interview 
was to determine how and why the teachers selected the particular technologies. The questions were 
based on the survey items (see Appendix B), but follow-on questions could be unstructured and 
unique to the particular teacher, based on previous responses given. The interview allowed areas 
that are difficult to probe using written closed questions to be examined.  
The interviews were conducted at the participants’ schools at a mutually convenient time 
during the school day: each was a single interview lasting approximately one hour. The interview 
was audio taped and transcribed, and the interviewer made brief notes to elaborate on non-verbal 
data that could not be captured on audio tape. At the start, the participants were given the 
Participant Sheets and Consent forms and given time to read and consider the information: all 
participants were content to proceed. There was no power relationship between the interviewer and 
the participants and they were assured that all data was confidential and anonymous. 
3.4.3 Phase 3 – Development of artefact – PET 
The PET was developed in an iterative fashion, based on the agile programming 
methodologies described in section 3.1.1. The data generated from interviews and surveys had been 
analysed to produce a model (section 4.7) that identified the factors involved in choosing and using 
a technology in science teaching. However, to create the items to analyse these factors in the tool, it 
was necessary to re-examine the raw data for teachers’ reports of specific examples, issues and 
problems, and to investigate the existing theoretical frameworks, models and heuristics from the 
literature that were employed in analysing these areas. Revisiting the original data and literature to 
create the tool meant that it could further test and validate the model. The style of the items was 
determined by studying the literature on software evaluation tools, and considering the positive and 
negative aspects of the choices. For example, should they be open –ended or closed ended 
questions; if closed, should there be a rating scale or yes/no responses. 
The items for the first iteration of the PET were derived from studying the theory and the 
usability models of Norman (1988) and Nielsen (1994), described in section 2.5.1. This was tested 
with in-service teachers and based on feedback, sections relating to other areas of the model were 
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added. The second iteration included items on evaluating the types of learning that the technology 
supported, and this was informed by Bloom’s Taxonomy and Productive Pedagogies. There were 
also additional items about the set-up and maintenance of the technology, based on teachers’ stories 
from the interview data. There were items considering the teaching environment e.g., the room 
layout, the network speed, that were also based on teacher interview data. Following testing and 
feedback, items about cost benefit were added. 
3.4.4 Phase 4 – Case study 
The final phase of the study was to test the PET to determine how well it could function as a 
predictive tool. The procedure for this was to work with a teacher who was in the process of 
acquiring a new technology for use in his science classroom. The teacher for the case study 
completed the survey. He was interviewed about his decision to choose dataloggers and he then 
performed a “thinkaloud” protocol whilst completing the PET, which was audio recorded. He 
invited the researcher to observe the lesson in which the dataloggers were used with students, and 
this happened approximately six weeks later. The researcher observed the students performing the 
set laboratory session tasks using the technology in groups and wrote notes. The researcher took the 
position of non-participant observer, to focus on recording events. Being an observer also helped to 
maintain a distance and objectivity from the participants. The emphasis during observation was to 
understand the participants’ natural environment without altering or manipulating it (Creswell, 
2007). The data obtained is more objective than asking the teachers how successful they felt the 
lesson was, and the data can be cross-checked against the teacher and student interviews which give 
their impressions of the lesson. 
3.5 Data analysis 
3.5.1 Survey 
The data were entered into a spreadsheet (Excel) and tallied to show the frequency of usage. 
The data was analysed to look at the comparison between the technologies that were investigated 
but never used in the classroom. The average usability ratings for each technology were graphed for 
comparison. 
3.5.2 Interview 
Firstly, the audio tapes were transcribed and then they were imported into the qualitative 
research software “NVivo”. This software was not employed to perform automatic coding, but to 
display and store both the raw and coded data, and to enable the researcher to perform the analysis. 
The three stage coding process is described next.  
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Open coding was performed as the first stage, with the researcher reading and listening and 
identifying themes in the data. The researcher identified categories and sub categories in the 
interview data, and also from observation notes and memos. As a guide when identifying 
categories, the data were studied for any of the following significant characteristics: temporal, 
multiple meanings of words, flip-flop technique, personal experience, language, emotions, negative 
cases.  The process of choosing technology was also investigated, that is, the flow of action, 
interaction, or emotion that occurs in response to events, situations or problems. The subcategories 
were defined as properties, and these provided more detail about the categories. Most of the 
properties could be viewed on a continuum, that is, they were dimensionalised properties, and the 
extremes of the ranges were defined.  
Axial coding was the second stage. In this, one open coding category was placed at the 
centre of the process being explored i.e., given the mantle of the core phenomenon and the other 
categories are related to it. These other categories are: the causal conditions (factors that influence 
the core phenomenon), strategies (actions taken in response to the core phenomenon), contextual 
and intervening conditions (specific and general situational factors that influence the strategies) and 
consequences (outcomes from using the strategies). This phase was represented by a diagram called 
a coding paradigm, which portrayed the interrelationship of causal conditions, strategies, contextual 
and intervening conditions, and consequences. 
In the third phase of coding, called selective coding, a theory was written from the 
interrelationship of the categories in the axial coding model. This theory provided an abstract 
explanation for the process of choosing and using technology in a classroom that was being studied 
in this research. In accordance with Corbin and Strauss’ (2008) methodology, the core variable 
(summary of the main concern that drives and directs the participants’ behaviours) was discovered 
at a late stage in the analysis and was used to sum up or to integrate the findings. 
3.5.3 PET testing 
Eight in-service teachers who had recently acquired or were in the process of acquiring a 
new technology for use in their classrooms were asked to perform a think aloud protocol (see 
section 3.1.4). In this, they read the items in the PET and spoke the thought processes they were 
using to determine their responses. They frequently discussed their understanding of the item’s 
language with the researcher, asking for confirmation of their interpretation, and they described 
their experiences with the technology that were influencing their final numerical response on the 1 
to 5 scale. The researcher wrote notes on this, and recorded any areas of confusion in the language 
or any suggestions for additional items that were made by the teachers. The interviews were audio 
recorded, so they could be referenced when making the alterations to the PET. Additionally, the 
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researcher checked the participants’ expressions for confusion and asked them questions about their 
thinking at those instances. The PET was amended in accordance with the feedback following each 
session. After six sessions the teachers were no longer offering any changes to the PET and it was 
assumed that saturation had been reached. 
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4 Results and Analysis 
This chapter presents the results from the survey in section 4.1, showing what technologies 
are used in science classrooms, the frequency of their use, and what technologies are present in 
schools but are not being used by teachers. The interview data begins in section 4.2, including an 
overview of how teachers currently choose new technology (4.3), with details of the first level 
coding in section 4.4, followed by the second and third stage coding (4.5). Section 4.6 provides a 
summary of the data coding. The data coding leads to the development of the PETTaL model, 
which summarises findings (4.7 and 4.7.1), and the model is presented and applied (pair analysis) in 
section 4.7.2. 
4.1 Survey data 
The survey items can be seen in Appendix A. The survey intended to gather data to address 
research question part (a): What technologies are used regularly in science teaching and learning? 
The first section (4.1.1) outlines what technologies are used in the science classroom, whilst section 
(4.1.2) presents the usability ratings that teachers awarded to some of the technologies they were 
using. 
4.1.1 What technology is used in science classrooms and how frequently? 
The survey’s main focus was to discover the technological teaching and learning tools 
science teachers currently use in their classrooms, and how frequently they use them. The survey 
provided  teachers with a list of common classroom technologies, including dataloggers and 
sensors, simulation software and interactive web pages, graphing calculators, digital microscopes, 
electrophoresis kits, robotics kits, colorimeters, spectrometers, fuel cells, interactive whiteboards, 
and geographic information systems (GIS). In providing a definition of frequency of use, the survey 
described “Frequently” as “used at every opportunity throughout the year”, whereas “Used once or 
twice” was denoted as infrequent or occasional use. The survey asked teachers to indicate whether 
they were using the technology through choice or through compulsion (that is, mandated by the 
department’s work plan). 75 valid responses were returned. Figure 4.1 provides a visual image of 
teachers’ responses about the frequency of use of particular technologies, and also indicates whether 
or not use was through mandated requirements. 
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Figure 4.1. Technology use by science teachers – frequent and occasional use contrasted with their 
compulsion to use them by the work plan (n=75) 
From Figure 4.1 it can be seen that the most used technology in science classrooms was 
interactive webpages (67%), followed by probes and sensors (60%), data loggers (55%), simulation 
software (39%), graphing calculators (35%). All the others showed low regular use (under 10 
teachers), though robotics reported almost equal numbers of frequent and infrequent users (13% and 
11% respectively). Most of the technology use was through the choice of the teacher rather than 
through compulsion by the work plan.  However, all the regular datalogging use was through 
compulsion from the work plan, although there were many infrequent users through choice. In the 
case of graphing calculators, 10 out of the 18 regular users were compelled to do so; most of the 
spectrometer frequent use was through compulsion and this was the case for all of the frequent GIS 
use. At the time of the survey the participants reported no work plans mandated the use of the 
interactive whiteboard, and there was low usage of this technology. 
Teachers were asked to report on the technologies that they had acquired and investigated 
but had not used in a teaching situation. The results are presented in Figure 4.2. 
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Figure 4.2. Technologies teachers have investigated but have never used in classrooms and 
technologies that are available in schools but teachers do not know how to use (n=75)  
Figure 4.2 shows that robotics kits, graphing calculators, and data loggers are available in 
many schools, and despite the potential applicability of these technologies to several areas of 
science teaching, many teachers are indicating that they do not know how to use them, or that they 
have invested time in learning these technologies but never introduced them into their classroom 
teaching. Figure 4.3 shows the technologies teachers have investigated but failed to use in their 
teaching, compared to numbers of teachers using this technology in science classrooms.  
Figure 4.3. Technologies teachers have investigated but failed to use in their teaching, compared to 
numbers of teachers using this technology in science classrooms (n=75). 
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From Figure 4.3, the comparison between teachers who have invested time and energy into 
learning technology but never converted into classroom use, and technologies that teachers do use 
in their teaching can be seen. The following technologies showed large proportions of teachers 
failing to convert their initial investigations into classroom practice: GIS, robotics, the digital 
microscope, the spectrometer, and graphing calculator.  The technologies which teachers reported 
they were using the most in their classrooms were interactive webpages, datalogger, calorimeter and 
simulation software. 
4.1.2 Usability ratings of selected technologies 
The survey also asked teachers to rate the usability of currently used technological teaching 
and learning tools, and to identify issues of usability, and a sample of these results can be seen in 
Figure 4.4 below. For this item, teachers were asked to choose two technologies with which they 
were familiar, and rate aspects of setting up, learning to use, and other aspects of using this 
technology in the classroom on a five-point scale, in which 5 was a rating of Very good and 1 Very 
bad.  Where several teachers reported on the same technology, the ratings were averaged.  7 
teachers reported on LEGO™ Robotics, whilst 5 teachers reported on Texas Instruments graphing 
calculators. The results for Robotics kits and graphing calculators are displayed in Figure 4.4, 
because these were highlighted in Figure 4.1 and Figure 4.2 as being technologies that teachers 
were not using frequently in classrooms, with Figure 4.3 showing that there were a large number of 
teachers who investigated these technologies but failed to implement them in the classroom. 
 
Figure 4.4.  Average usability ratings for Robotics kits and graphing calculators. 
 From a review of all the average usability scores, it was determined that an average score of 
3 or below in any category suggested teachers’ unease or discontent in this area. As can be seen in 
Figure 4.4 above, regarding the LEGO™ Robolab kits, teachers reported an average score of 3 for 
the initial setup, and 3 for time wasted in the lesson over troubleshooting the technology  (which 
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distracted from the learning). With the graphing calculator, a score of 2.8 was achieved for learning 
the use of this. There was a low score for student sharing but sharing was not relevant since teachers 
reported that students each had a calculator.  The graphing calculator also received a relatively low 
score for student understanding of how to use the technology (3.2). Both technologies received a 
good rating for learning outcomes (4.2 and 4.4), but student engagement was higher for the robotics 
(4.14) compared to the graphing calculator  (3.8). These issues of technology use in the classroom 
are investigated in greater depth in the interview data in section 4.2. 
In summary, the survey data revealed the technologies being used in some Queensland 
science classrooms. The teachers were able to add any other technologies they were using to the 
supplied list in the survey. Graphing calculator and interactive whiteboard were added to the 
originally compiled list, and no teachers reported using weather stations. The survey also revealed 
that some technologies are being acquired by the school and investigated by teachers but never used 
in teaching and learning in the classroom.  The usability section of the survey (part 2) indicated the 
potential areas of difficulty in incorporating certain technologies into the classroom and these areas 
are investigated more fully in the interviews and reported in the next section. 
4.2 Interview data 
4.2.1 Overview 
The interviews were conducted with nine practising secondary school science teachers and 
they were approximately one hour in duration. The purpose was to discover the methods by which 
the teachers chose these technologies and the factors that were important when they used these 
technologies in teaching and learning in the classroom. The interviews were semi-structured and 
took the form of a conversation so that teachers were able to talk at length about areas of interest 
and importance to them, rather than be forced to comment briefly on a series of questions. At the 
beginning of each interview, teachers described the technology and why they had selected it. From 
that point onwards, as teachers discussed the particular technology, a range of issues presented 
themselves. There were recurring themes across the interviews, but also specific comments for 
specific technologies. This section provides a summary of interview data, according to the themes 
that emerged. In section 4.2.2, the individual participants and the technology upon which their 
interview focused are presented. How and why they selected the technology of focus is outlined in 
4.3. In sections 4.4.3- 4.4.6 emergent themes across interview data are presented. The five themes 
related to the teacher, the technology, the students, the teaching environments, and power factors. 
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4.2.2 The teachers and their technologies 
Table 4.1 overviews each participant in relation to the technology they were discussing, 
their level of teaching experience and their school sector (State, Private or Catholic Education). The 
participants were chosen to reflect a range of school sectors, level of teaching experience and 
variety of technology being used. The interview participants had indicated their willingness to be 
interviewed when completing the survey. All the participants had recently adopted a new 
technology for use in their teaching and they were asked to explain the reasons for their choice and 
describe their experiences of setting up the technology, learning to use it and finally using it with a 
class, if they had already done so.  
Table 4.1 
Overview of interviewed teachers, including experience, school sector and technology 
 
A focus group interview was also conducted with five primary state school teachers who were using 
LEGO robotics. 
Teacher Experience  Technology School sector 
Teacher 1 Experienced Software – SAM Animation State 
Teacher 2 Mid-career Datalogger (Pasco) State 
Teacher 3 Experienced Tablet pcs Private 
Teacher 4 Experienced GPS Catholic 
Teacher 5 Experienced Gel Electrophoresis State 
Teacher 6 Novice Software –SAM Animation State 
Teacher 7 Mid-career Software – “Celestia” solar system 
simulation 
Private 
Teacher 8 Early career Crocodile Clips – simulation  software 
for electronics, titration etc. 
State 
Teacher 9 Early career Pasco momentum track State 
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The technologies 
SAM Animation [www.samanimation.com] is free software designed specifically for use in 
education. It allows students to create  “stop-motion” animation, in which a number of successive 
still photographs or drawings are created. These stills are incorporated into the software and run 
together at a number of frames per second to create the impression of motion. Therefore, the 
students can animate processes such as photosynthesis, or create movies on any theme.  SAM 
animation was used by Teacher 1 and 6’s students in physics classes to create a movie that 
illustrated Newton’s Laws of Motion. 
Dataloggers [http://www.pasco.com/prodCatalog/PS/PS-2002_xplorer-glx/index.cfm]  are 
used to record data readings in real-time and display them in graphical format. Depending on the 
sensors connected, the data collected could be temperature, sound, voltage, velocity. Teacher 2 used 
the Pasco datalogger to collect velocity information to investigate momentum in physics. 
Tablet pcs are notebook computers that have an invertible screen and a “pen” that is used as 
an input device, instead of a mouse and keyboard. The user can write or draw on the inverted screen 
as they would on paper, to create a digital image that can be saved as a file. The sequence of pen 
strokes is recorded as the page is built up and these can be re-played to re-create the sequence. 
Teacher 3 was introducing Tablet PCs as a pilot project to look at their benefits in the teaching and 
learning of science, with the intent of introducing tablet pcs to the whole school for use in all 
curriculum subjects (a school laptop program). 
 Global Positioning System receivers (GPS) allow users to record their location in terms of 
their latitude and longitude coordinates.  The receivers obtain information from four or more 
satellites. The system was created to improve navigational accuracy for military and aeronautical 
users, but the information is currently freely available to anyone with a GPS receiver.  Teacher 4 
was investigating a GPS receiver for use with her students. 
Gel electrophoresis is used in clinical chemistry to separate proteins by charge or size and in 
biochemistry to separate DNA and RNA fragments.  The molecules travel at different speeds 
through a gel and are therefore separated. Teacher 5 was introducing gel electrophoresis to her 
senior chemistry/biology students. 
Celestia [http://www.shatters.net/celestia/] is a free space simulation that allows students to 
explore the universe in three-dimensions. Students can choose to travel at different scales so they 
can investigate a spacecraft a few metres long or they can travel from the earth through to galaxy 
clusters. Teacher 7 was intending to use Celestia with his senior physics students. 
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 Crocodile Clips (now called Yenka) [http://www.yenka.com/] is a suite of educational 
modelling tools that allow students to investigate science (electronics), mathematics, and computing 
topics.  For example, in science students can design and simulate electrical circuits by incorporating 
150 different types of electrical components and in the topics of “light and sound”, students can 
experiment with sound water light waves and ray diagrams. Home use is free but licenses must be 
purchased to use with a class.  Teacher 8 was using Crocodile Clips for electronics and titration 
with her physics and chemistry students. 
4.2.3 Summary of interview data 
Teacher 1 was a senior physics teacher in a state secondary school - his students included 
many low SES students.   He supported other teachers in the district by running professional 
development sessions in which he showed innovative uses of technology in science teaching. He 
also created lesson resources to distribute to teachers. He was enthusiastic about new technologies 
and was happy to devote his own time to learning them. He was passionate about teaching and 
learning and was constantly looking for ways to improve his students’ science learning. Teacher 1 
was discussing SAM Animation. He had been using animations in science teaching for some time, 
for example, animating the charges around a wire, and he had observed the benefits of developing 
scientific concepts by the development of animations. By drawing on his years of experience as a 
teacher, he stated that he was able to instinctively evaluate the software and its usability and make 
judgements about whether or not it would suit his students.  He gained increased confidence in the 
software from his relationship with the developer, who was an educator at Tufts University - he 
stated that he was invited to e-mail the developer with any questions and he would receive timely 
and helpful answers from this. Teacher 1 was very enthusiastic about the use of stop motion 
software and he was keen to develop this further and support his colleagues in the school in using 
this technology. 
Teacher 2 was a mid-career physics teacher in a selective state years 9 to 12 science and 
technology specialist school.  Due to the selective nature of this school, all Teacher 2’s pupils were 
able students in science and mathematics and were highly motivated to succeed academically.  
Teacher 2 was learning to use the Pasco datalogger, and the interview occurred a few weeks before 
he was due to use it for the first time with a class. The decision to use the data logger was not his: 
he mentioned it was driven by the International Baccalaureate syllabus that stated ICT must be used 
in experiments. Guided by this, the Head of Department had mandated the use of the datalogger in 
the work plan. During the interview, he expressed many anxieties about and difficulties with 
learning to use the datalogger, and he was looking forward to a professional development session in 
which he was hoping to be shown how to conduct a lesson using this new technology. 
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Teacher 3 was an experienced physics teacher in a boys’ private school. He was very 
enthusiastic about teaching and learning, and about incorporating new technologies into his 
classroom and he was interested in researching the effects of technology on teaching and learning. 
He had a very systematic approach to evaluating the competing brands before selecting one and he 
explained the process in which he acquired six different tablet PCs from the manufacturers and 
tested them against one another for speed, robustness, usability, and other factors. Teacher 3 was 
passionate about teaching and learning and spoke about his interest in determining where the 
breakdown in concepts lay inside his students’ heads. He was interested in leveraging new 
technologies to identify and overcome these problem areas. Teacher 3 was pleased with the success 
of the chosen tablet PC in his school classrooms and discussed the ways in which they were helping 
to improve teaching and learning. 
 Teacher 4 was an experienced Head of Department in a Catholic Education (private) 
school. She was looking at Global Positioning System receivers (GPS) for use in the classroom. She 
expressed the belief that it was necessary to play with and learn the technology for a period of time 
and become familiar with its potential before it became clear what use it might be with teaching and 
learning – even to the extent that in some cases the equipment might not translate into classroom 
use. She used the analogy of pure research in science, which may or may not reveal immediate 
practical uses.  At the time of the interview, she had acquired the GPS and was learning its use, but 
had not yet decided which subjects or lessons it could be incorporated into and therefore she had not 
yet determined what activities the students would do with it. She expressed reservations about her 
staff’s ICT skills and their ability to adopt new technologies, although she explained they were very 
willing to try. Teacher 4 had a very collaborative approach to her work, and spoke much about team 
teaching and collaborative lesson planning and setup of equipment. She also expressed her 
confidence in other colleagues’ advice when choosing new technologies and she valued training 
from professional development providers when learning a new technology. 
Teacher 5 was an experienced science teacher in a state secondary high school. Many of her 
students were from a low SES background.  Like Teacher 4, she expressed confidence in the advice 
of colleagues when identifying new technologies for use in the classroom, and relied on the 
guidance of her equipment supplier to select the most suitable technology and associated 
peripherals. She spoke about the success of using the gel electrophoresis equipment in her school 
and how she had supported surrounding schools by loaning the equipment to them and providing 
professional development sessions.  She was now hoping to take the next steps with the equipment 
– one lesson activity she had planned before acquisition was to use the gel electrophoresis 
equipment to determine whether the content of McDonald’s apple pies were apple or choko, and she 
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had not been able to achieve this using the equipment yet. She felt she needed the guidance of the 
supplier to tell her what additional chemicals she should acquire in order to achieve this aim. 
Teacher 6 was a novice teacher in the same state high school as Teacher 1. She specialised 
in working with students with learning disabilities, and was taking the remedial year 9 science class. 
She explained that her students needed a high level of support in learning and were apt to resort to 
bad behaviour if they felt frustrated or bored by the activities. She did not have a scientific 
background but she enjoyed learning new technologies and she was very interested in investigating 
new ways of engaging her pupils. She found the SAM Animation software easy to learn, easy for 
the students to use, and engaging for them. Additionally, it developed many of the group work and 
social skills that she was trying to encourage in them.  
 Teacher 7 was a mid-career physics teacher in a private girls’ school. He taught senior 
physics and chemistry and was investigating the Celestia solar system simulation software for use 
with his year 11 physics class.  Teacher 7 was interested in new ways of teaching science concepts 
and in the pedagogies that could be enabled by these new technologies.  He was pleased with the 
software and its ability to enable interactive experiences with astronomy that were difficult to 
achieve without it.  He mentioned the pressure from the school’s Parents and Friends (P&F) 
committee that gave money for interactive whiteboards, and that these were adopted despite the 
reservations of the teaching staff. 
Teacher 8 was an early career chemistry teacher in a state high school. She was using the 
Crocodile Clips (Yenka) simulation software for teaching electronics and titration, and she was 
keen to exploit the benefits of using simulations alongside the benefits of traditional practical 
sessions using physical equipment to develop conceptual understanding in science.  She enjoyed 
identifying and learning new technologies and despite being a junior member of staff, she was 
usually one of the innovators with technology in the department. She taught a “laptop class” in 
which every student brought their own laptop to the lessons. Since this was a selective program, the 
students chosen for it were motivated and more academically able, and did not exhibit many 
behavioural problems.   
 Teacher 9 was an early career physics teacher in a state secondary school.  He did not 
undertake the full standard interview, but spoke about the choosing of a new technology, that is, the 
Pasco momentum track, and his first use of it with the class.  He was satisfied with his choice of 
technology and felt that the students had benefited from its use. 
Five primary categories emerged from the data on initial analysis and these were: (i) the 
teachers’ knowledge and personal characteristics, (ii) properties of the technology used (iii) the 
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students’ characteristics (iv) characteristics and properties of the classroom physical environment in 
which the teaching occurred, and (v) the compulsion or freedom of choice of the teacher in their 
work. These five themes were developed through the coding analysis described in the section 4.4 
onwards.  
4.3 How teachers currently choose new technology 
The first part of the interview asked teachers about their current methods and processes for 
identifying and acquiring new technologies for their science classrooms. They were then asked 
about their experiences of using the new technology. This section presents a summary of the data 
regarding teachers’ current technology selection methods. The main approaches to identifying new 
technologies were found to be either through recommendation from a colleague, from a supplier or 
from a trusted brand, or through an evaluation of competing technologies against benchmark tests. 
The reasons given for the decision to acquire the technology were: (a) to improve learning 
outcomes for students, (b) “it was our turn for the budget”, and (c) inquisitiveness – exploration 
without fixed goals. 
Two teachers reported that their primary method of identification was through 
recommendation from a colleague: “Recommendation from somebody you knew was important” 
(Teacher 4). “We had a teacher and a lab tech go to a local State High School, because they were 
running a workshop, and had somebody doing a demonstration for gel electrophoreses” (Teacher 5).  
The decision to acquire technology was based on available budget in the case of Teacher 9, 
and the choice was determined by confidence in the other familiar products by the same company. 
"I pointed in the catalogue and Emily said "fine"! It was Physics' turn” (Teacher 9). Given the 
available budget, he chose a Pasco rollercoaster system (for investigating mechanical energy 
conservation) from the catalogue without having viewed the kit or having a recommendation from a 
colleague; he chose using “brand loyalty”. “I had used Pasco things before (dataloggers) and was 
happy with it" (Teacher 9). 
In contrast to that method, Teacher 3 had a very systematic and research-based approach to 
his evaluation by comparing the specifications and performance of competing technologies against 
one another: “Our academic Head of IT did a bit of a review of different options, PDA, phones, 
smartphones, computers, tablets” (Teacher 3). However, the analysis was mostly focused on the 
hardware: they investigated six different brands and models of tablet pcs and compared the 
specifications, for example, the processor speed, weight and so forth, and ran benchmark tests. “So 
the Toshiba was way faster” (Teacher 3). They also looked at the usability of the competing models. 
“The Dell won on usability but overall the Toshiba won out on specification” (Teacher 3). 
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Teacher 4 believed that experimentation was a necessary part of adopting a new and 
productive technology for teaching and learning. In her view, the process involved some success 
and some failures to adopt and these would not be apparent until post-acquisition. She compared it 
to research activity: “It’s like pure research for science; you don’t really know what you’re going to 
find out and it may not be until sometime in the future that it becomes useful” (Teacher 4). 
It could be seen from the data that the teachers predominantly favoured one of two intuitive 
approaches: these can be categorised in this study as people-centric or technology-centric. The 
teachers who had a people-centric method trusted a person or a brand, for instance, they consulted a 
colleague who was currently using a similar technology and acted on their advice. People-centric 
selectors also trusted the advice of suppliers, or made decisions to acquire particular brands based 
on favourable past experiences with other products, for example, Teacher 5 relied on the advice of 
her gel electrophoresis equipment supplier to facilitate a “chocko versus apple” activity for her year 
11 class. Teacher 9 chose a Pasco rollercoaster track based on previous satisfaction with 
dataloggers from the same company. Conversely, technology-centric teachers focused their 
evaluations on the equipment and software, but the resulting technology could experience different 
degrees of success depending upon the characteristics of the teachers and the learners using it. 
4.4 Interview data: first level coding 
4.4.1 Overview 
Following the Corbin and Strauss (2008) process of data analysis in grounded theory, the 
first stage of three (as elaborated in section 3.5.2) is to examine the data for concepts. The aim is to 
discover “high-level” concepts, called categories or themes, which eventuate from the more literal 
lower-level data. The researcher investigates and examines the data to discover the essence of what 
is being said. A conceptual name is needed to describe that category. As stated by Corbin and 
Strauss, the categories have properties, which are “characteristics that shape and define concepts” 
(Corbin & Strauss, 2008, p.159), and these properties have dimensions, which are “variations 
within the properties that give specific specificity and range to the concepts” (ibid). 
In this study, initially, the interview recordings were listened to and transcribed. These 
transcriptions were read alongside observation notes and memos to search for themes in the data. 
There were repeated attempts at coding: the initial codings resulted in many categories, but over 
time and further analysis, some of these were considered to be low-level categories and merged or 
changed to a higher-level category. The following categories with their properties were identified: 
the category Teacher had knowledge properties of content knowledge  (CK); pedagogical 
knowledge  (PK); technology knowledge  (TK); pedagogical content knowledge  (PCK); 
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technological pedagogical knowledge (TPK); technological content knowledge  (TCK); and 
technological, pedagogical and content knowledge (TPACK). The teacher also had personal 
characteristic properties of confidence and ability to learn new technologies; relationships with 
colleagues; innovator or follower and influence in institution. The category technology had 
properties of usability (ease of learning and use, good layout and feedback); ease of setup for the 
lesson; robustness; ease of and/or achievable maintenance and acquisition of consumables; ease of 
storage; attractiveness; adaptability to class diversity; versatility and specificity; frequency of use; 
facility to aid development of science concepts; facility to encourage collaborative learning; facility 
to enable novel task or experience; facility to connect to real-world. The category learners had the 
properties of academic ability; motivation to learn and attention span; behaviour; initiative; and 
treatment of equipment.  The category teaching environment had properties of computer hardware 
(speed, storage capacity, portability); network reliability and speed; diversity in versions of 
technology; room layout and configurability and ease of storage; and IT support. Lastly the 
category power factors had properties of specificity of syllabus; influence of school management 
and stakeholders (e.g. parents, governors); and access (physical access to rooms and licensing and 
permissions on PCs and networks). 
 Each of the properties could be measured on a continuum, and these were the dimensions of 
the property.  For example, the teacher knowledge could be measured on a continuum of weak to 
strong, the usability of the technology could be rated on a continuum of bad to good, and the facility 
of the technology to aid the development of scientific concepts or encourage collaborative learning 
etc. could be rated on a continuum of low to high. 
The following sections report the data that were coded under these five categories: the 
teacher (4.4.2), the technology (4.4.3), the learners (4.4.4), the teaching environment (4.4.5) and 
power factors (4.4.6). 
4.4.2 Teacher 
Interview comments that related specifically to the teacher included issues of teacher 
knowledge of teaching (in particular with technology) and epistemology. Teacher comments about 
personal characteristics such as confidence, innovation, beliefs and the nature of their relationships 
with colleagues are also included in this category.  
The following data excerpt illustrates how the coding categories arose: 
It records every pen stroke the teacher writes or the student writes. So when they get home 
they can play it back and watch my pen strokes, see how it builds up and that helps their 
understanding. Also, with assignments they put in - a maths problem, chemical problem– 
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they get it right – tick that’s fine. They get it wrong, I’m trying to work out what they did – 
just play it and watch their sequence of processing – they’re getting it right, getting it right 
then ooh, all of a sudden… you see the erasers and everything – oh he changed his mind 
here, he was on the right track.  So as a teacher, I’ve got a tool that I can tell where he went 
wrong, and not only him I can go “I’m going to give you an exemplar – next time you can 
replay it” (Teacher 3). 
This interview data was firstly categorised as teacher knowledge. It can be seen that the 
teacher is using his pedagogical knowledge to identify student areas of weakness and help them to 
redress these. He was using the strengths of the technology to do this, and he used the technology to 
develop resources to support students completing homework “they can play it back and watch my 
pen strokes, see how it builds up and that helps their understanding” (Teacher 3). It was then 
recognised that this, and many other instances from the data, were referring to areas of Mishra and 
Koehler’s TPACK model (2006) (see section 2.2.2) – in this case the teacher was exhibiting 
technological pedagogical knowledge. Therefore, the elements of the TPACK model were adopted 
as categories. Within the categories, subcategories, or properties, were identified and the properties 
had dimensions. For example, the category teacher knowledge had properties of pedagogical 
knowledge and it was determined that this could be measured on a scale of strong to weak. 
The following initial codes were identified from studying the data, all with dimensions weak 
to strong: knowledge of how to operate technology, ability to identify strengths of technology, 
ability to design tasks requiring higher order thinking, ability to adapt task to different abilities, 
ability to see different applications for the technology, ability to teach student to use technology. 
There was also a code for approach to learning use of technology which had dimensions of 
collaborative to solitary. Having recognised that knowledge of how to operate technology and 
ability to identify strengths of technology was describing Technology Knowledge from Mishra and 
Koehler’s TPACK model (2006); and ability to design tasks requiring higher order thinking, and 
ability to adapt task to different abilities were examples of Pedagogical Knowledge, the TPACK 
model terms were adopted as these codes. Although the TPACK model was used to code some of 
the data, categories beyond the TPACK model were also identified and used. 
4.4.2.1 Teacher knowledge 
Content knowledge refers to the knowledge a teacher has “about the actual subject matter 
that is to be learned or taught” (Mishra & Koehler, 2006), in this case “science”. In the interviews, 
teachers commented on their perceptions of their understanding of the subject of science – some 
teachers mentioned the need to refresh or to develop their content knowledge before teaching the 
topic. “It takes a lot longer than my usual preparation time. My knowledge isn’t sufficient for this” 
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(Teacher 2). “There’s a little bit of prep time with teaching the concepts behind acceleration and 
motion but that’s not long” (Teacher 1). Teacher 1 was an experienced leader who delivered 
Professional Development sessions to science teachers in the district and this work prompted him to 
comment on the difficulties some primary school teachers faced when teaching physics, due to 
problems with the content knowledge: “it’s [the resources] for primary school teachers, because 
they hate physics” (Teacher 1). 
Pedagogical knowledge in the TPACK model is the “deep knowledge about the processes 
and practices or methods of teaching and learning and how it encompasses (among other things) 
overall educational purposes, values and aims” (Mishra and Koehler, 2006). All the teachers 
interviewed gave examples of their use of good pedagogy when teaching, including (i) re-visiting 
previous content, (ii) differentiation,  (iii) using constructivist strategies, (iv) seeing the learning 
from the students’ perspective, and (v) scaffolding. Teacher 7 spoke about the importance of 
ensuring past topics are revisited before new work is attempted: “we have covered it in year 8 but 
they’ll need to do a refresher in year 10” (Teacher 7). He also mentioned differentiation and 
constructivist teaching: “We can set some simple things for them to do and then some more 
complex things for the higher achievers” (Teacher 7). “[My goal is that they are] making meaning 
through conversation and establishing their own understandings, doing different things and 
comparing them to one another and connecting to what they’ve already learned” (Teacher 7). 
Some teachers spoke about the importance of seeing the science concepts through the eyes 
of their students. Teacher 7 spoke about his awareness of the wider understandings that he brought 
to the topics due to his more advanced knowledge of physics and general life experience, and this 
gave him context and helped him to interpret and understand the data he encountered – he realised 
that this was not the case for the students: “With my training of physics, there’s knowledge that I 
bring which helps me to understand how things work and what I am seeing, but for a student, they 
don’t necessarily bring that, so it’s a much different experience for them” (Teacher 7). Teacher 3 
held a similar concern about being able to see the concept through the students’ eyes. “It’s hard to 
get in the kids’ head; we’re now looking at how we get that window inside students’ brains” 
(Teacher 3). He related how he wanted to achieve an understanding of why a student wrote an 
incorrect answer: at what point in the student’s mental model or thinking did the concept fail? 
“What do I need to teach them to get them around that point?” (Teacher 3). He saw the opportunity 
to use technology to enable this. By introducing tablet pcs, his class used “pens” to write on the 
electronic screen of the tablet - every mark they made and possibly erased was recorded like a 
movie and could be replayed to see how the final answer was arrived at. So Teacher 3 was able to 
watch the recorded sequence of the student pen strokes on the screen as they wrote their answers 
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and therefore was able to track the processing inside the student’s head: “They’re getting it right, 
getting it right then ooh, all of a sudden… you see the erasers and everything – oh he changed his 
mind here, he was on the right track” (Teacher 3). By identifying the point at which the 
understanding broke down, the teacher was able to give the student targeted help. Teacher 7 was 
aware of the distinction between teaching and learning, and how teachers often considered new 
technology in terms of how it might help them understand and deliver content, but not necessarily 
how it might help the students to learn, for example by allowing investigation and other 
constructivist pedagogies: “Sometimes I see something and it’s really good for me, it helps me to 
learn and develop my understanding, but not necessarily for the student” (Teacher 7). 
Teachers were aware of the need to remind the students about the science content, and of the 
danger that the technology could overshadow the science learning. Teacher 6 and Teacher 1 were 
using stop motion techniques with their classes to create movies that illustrated Newton’s Laws of 
Motion. “There was a lot of reminding them that this is what your task has to show! Yeah, that’s 
great but it’s not good physics!” (Teacher 6). “They can get carried away with the medium and 
forget the [science] principles behind it” (Teacher 1). 
Teacher 6 demonstrated her knowledge of choosing a science activity that suited the 
students she was teaching: some of her year 9 students were operating at around a year 4 or year 5 
level, whilst others of them were functionally illiterate. “So I’ve got a hands-on activity which is 
perfect for them” (Teacher 6). Teachers were aware of the need to design evaluation tasks that 
allowed students to demonstrate their scientific knowledge, and to be forced to create an original 
response. Teacher 7 wanted his class to create a personal answer to an essay question: “There’s 
been so much written on it, it’s very challenging to ask a task in that area without the students just 
being able to download the stuff” (Teacher 7). Teachers spoke about the evaluation tasks they 
created and how they used their pedagogical skills to enable their students to demonstrate their 
learning to their best ability. The belief was that writing the evaluation resulted in the deepest 
learning, in which the students had time to reflect upon their activities: “It’s best if you can get the 
kids to write up what they’ve done” (Teacher 1). However, the teachers were aware that some 
students’ written skills would not allow them to demonstrate their full understanding of the science: 
“The usual type of assessment task in science is a written test and these kids don’t do very well with 
written tests, so it was an alternative assessment tool which was very motivating to them” (Teacher 
6). The students held an “Oscars” event for the evaluation of their work, in which all students 
watched one another’s movies and rated them. “They think they’re evaluating each other’s movies 
when they are evaluating the physics of it” (Teacher 6).  
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In relation to technology knowledge (“knowledge about standard technologies and the skills 
required to operate particular technologies” (Mishra & Koehler, 2006)), teachers reported on their 
knowledge of the technology, and these comments generally also indicated their level of interest in 
and confidence to learn new technologies. Several teachers expressed an interest and engagement 
with technology, which translated into a confidence with being able to learn it: “I like to play with 
this sort of stuff anyway, so I don’t think it will be difficult to learn” (Teacher 8). “They gave me 
devices over Christmas, so I sat down and had a great time” (Teacher 3). “When it’s a new toy you 
can take it home and play with it, you don’t mind doing it” (Teacher 5). “I looked at how those 
worked and immediately I knew what was possible then” (Teacher 1). “We don’t really get PD 
(professional development) at all – we just play with the software” (Teacher 8). “I’m motivated to 
go and look on the internet and find things out” (Teacher 4). 
Teachers spoke of their need to know more than their students about the operation of the 
technology before entering the classroom. Teacher 6 related her usual process of learning a new 
technology: “I will religiously go through the manual” (Teacher 6). She was aware of the pressure 
she would be under if she had to troubleshoot problems during class: “if I need to find something 
out, they’re not going to sit or wait while you read” (Teacher 6). Teacher 3 also spoke about the 
expectation that staff should know more about the operation of the technology than the students: “If 
you don’t have teacher engagement and expertise in the technology you’re going to fail within the 
classroom because they will stop using it when the students know more than they do” (Teacher 3). 
“They [the teachers] would have to do some to make sure they had a skill level at least equal to the 
kids or higher” (Teacher 4). 
Teacher 4 expressed concern about her staff’s ability to learn or to use the technology: “We 
were a bit frightened with ArcView GIS technology” (Teacher 4). “We were worried about our own 
ability as teachers to use them… because it’s really hard, and one of those things that you have to 
put time into” (Teacher 4). Speaking about her colleagues, Teacher 4 said, “They’re not strong 
computer people but they’re still willing” (Teacher 4). 
In accordance with this concern about their knowledge of the technology, many teachers 
expressed a reliance on “experts” to show them. “We’re going to have someone from Pasco to come 
and show us how to use the datalogger properly” (Teacher 2). There was comfort and confidence in 
the receipt of professional development from an expert: “I was able to regularly attend workshops 
on the use of the calculators which was the reason I use it confidently” (Focus group comment). 
Teacher 4 explained that she found it helpful to be told by an expert what should and should not be 
altered when beginning to learn a new technology: “When you’re a beginner you don’t know what 
the settings are or what they mean, so for somebody to come along and to say you need to set this 
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on this, and these are the things that you can change and those you can’t” (Teacher 4). Teacher 2 
was hoping that an expert would be able to show him a demonstration lesson using dataloggers, in 
which the likely problem areas would be highlighted:  “I’m hoping to go through a prac all the way 
from the start, getting actual data and packing it away - the procedure of what someone who is 
experienced would do –what to look out for – some of those pitfalls” (Teacher 2). 
Teacher 2 spoke about his frustrations with the operation of the technology:  “The only thing 
that we use consistently well and know how to use are the multimeters” (Teacher 2). “Couldn’t get 
the Pasco dataloggers started. Not too easy” (Teacher 2). “When it works I’m sure it’ll be great! At 
the moment it’s not – it’s taking us far too long to learn how to use them properly” (Teacher 2). 
Technological Pedagogical Knowledge (TPK) is “knowledge of the existence, components 
and capabilities of various technologies as they are used in teaching and learning settings, and 
conversely, knowing how teaching might change as the result of using particular technologies” 
(Mishra & Koehler, 2006), and the following data show teachers comments about their use of 
technology to teach science concepts. This section looks at the fusion of the teacher’s knowledge of 
the technology and pedagogy. TPK involves recognising how a new technology can be utilised in a 
lesson. Teacher 4 recognised how to utilise dataloggers and Geographic Positioning Systems (GPS), 
a new technology to the school, to enhance an existing science activity. Originally, they had used 
thermometers to record temperatures at different locations around the school and the students 
plotted these temperatures against location on a graph. This activity had evolved to use dataloggers 
to measure the temperatures: “we were thinking we could use the GPS to locate the point at which 
we took the temperature.” Teacher 4 recognised that it could take time to develop a teaching use for 
a non-specific technology and believed that technological knowledge must precede technical 
pedagogical knowledge, that is, she needed to learn how to use the technology before she could 
decide how best to employ it in teaching: “I think you start with the technology and then you learn 
how to use it and once you’ve got enough skills it then opens up for you what you might do” 
(Teacher 4). 
Teachers spoke about the amount of guidance they felt was appropriate when using 
technology. Teacher 2 spoke about his ideas of the time needed for the students to learn the use of 
the technology. “The able students don’t need any pre-use guidance. Less able students might need 
a bit more time” (Teacher 2). Teacher 2 felt he might adopt a “laissez faire” approach and let the 
students work out what to do: “It takes a while for me to explain how to use the dataloggers, but for 
that one group I found that if I give them the equipment they can just run with it, so I might actually 
try it like that” (Teacher 2). 
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Several teachers stated that students would get greater benefit from having one-to-one 
access to the technology, rather than sharing and participating in groupwork: “You can do it in 
groups, but it’s not… kids like to do their own stuff…I think ideally they’d be working one per 
terminal” (Teacher 7). Teacher 2 expressed the same idea: “There are kids here who want to be 
boss, and want to grab machines and have them all to themselves, and play with it.” (Teacher 2). 
“We realised the way it’s used best is not with groups of students sharing which is what we 
originally thought – it’s better if they’ve got one in their hand each so” (Teacher 4). 
Teachers spoke about the need to develop teaching resources or to adapt the resources 
packaged with the technology in order to use them successfully with a class – this meant that the 
teacher would need an advanced understanding of the technology and its application for learning 
science: “No teaching materials – I’ve produced those” (Teacher 1). “It’s not something which you 
can just switch on and let kids run with. You have to think about how you’re going to use it and 
develop some worksheets or lesson plans to lead students through it” (Teacher 7). “I think it will be 
very productive, but we will need to do some work [on developing lesson material]” (Teacher 7). 
“The experiments that come with it look fantastic but it would take a lot of work to adapt them for 
classroom use” (Teacher 2). “I found some stuff on the internet which had to be modified. I 
couldn’t just use them – I had to modify” (Teacher 4). 
Teacher 1 considered the management of behaviour with technology in the classroom: “You 
need to think about that [possible bad behaviour] before hand and if you’ve thought about it you can 
probably negate most of those issues” (Teacher 1). 
The following teachers commented on the pedagogies that their new technologies supported. 
Teacher 7 felt that interactive whiteboards supported a transmissive pedagogy, which he was keen 
to avoid:  “You try to move away from a transmissive approach, and so investing so much money in 
something which all it allows you to do really is present stuff” (Teacher 7).  Teacher 3 was able to 
spot the pedagogical potential of tablet pc technology that allowed him to be mobile amongst the 
students and interact with them whilst performing the traditional teaching activity of “writing on the 
board”: “You can move anywhere around the room and you can write on the screen” (Teacher 3). 
Also, the tablet pc allowed the students to annotate the teacher’s notes and think about them, rather 
than be occupied with copying from the whiteboard: “They’re engaging in a higher level thought 
process than the copying process” (Teacher 3). He was also excited by the tablet pc’s ability to 
allow the students to make mistakes and recover from them easily: “If you write on the screen, you 
turn the pen over and it’s got an eraser and you erase it. So you don’t have to be scared about what 
you’re doing” (Teacher 3). He explained how the students’ fear of failure often resulted in failure to 
start a problem. He related a story in which he had observed a student trying to design a food web 
   76 
on paper. The student threw the paper in the bin and started again, and repeated this eight to ten 
times. When asked by the teacher why he kept restarting the task the student replied: “Because I 
want to do it right!” “The students strive to get it right, and what it means is that they don’t want to 
start getting it wrong. And so there’s that failure to start” (Teacher 3). Teacher 3 recognised the 
ability to adjust, erase and redraw easily afforded by the tablet pcs and used this to address the 
failure to start in his students. 
Teacher 1 was using his technological pedagogical knowledge to develop investigation 
skills in his students. He reported having read reports of science in secondary schools: “they said 
they’d looked at science in all these schools and they didn’t see one example of kids designing their 
own experiments. They were recipe type experiments” (Teacher 1). He set a task for his students to 
investigate force and energy. Using LEGO, the students had to design a crane to lift as much weight 
as possible. He provided some initial theory class work on simple machines. “It’s allowing the kids 
to work out their own thing. We’re teaching kids gear ratios and torque and speed before they do 
that” (Teacher 1). 
Technological content knowledge is the teachers’ knowledge of “not just the subject matter 
they teach, but also the manner in which the subject matter can be changed by the application of 
technology” (Mishra & Koehler, 2006); that is, recognising the unique strengths of the technology 
and exploiting them to teach the science content. The following teachers recognised the strengths of 
their technologies for teaching specific topics, to overcome problems that sometimes occurred in the 
traditional methods. Teacher 8 combined computer simulations with live laboratory work when 
teaching titration in chemistry. She would firstly give the students an introduction of the procedure 
using the simulation. The students would then try the titration and she would re-use the simulation 
at the beginning of the next lesson to recall and discuss any deviation of the real life experience 
from the simulation. “If a prac. didn’t work, in the next lesson I’ll get it up [on the projector] and 
say this is how it’s meant to work and here are some possible reasons why it didn’t” (Teacher 8). “I 
never only use a simulation once, I always revisit it because sometimes the kids may not have got 
the concept the first time” (Teacher 8). Teacher 8 continued to discuss the benefits of simulations 
(interactives) as a technology that she used to develop the concepts of electricity in physics: 
“Because light bulbs blow and demos don’t work, I find simulations better in showing kids how 
parallel and series circuits work” (Teacher 8). She used both simulations and real circuits in her 
teaching, understanding the benefits of both: “One you know it’s going to work – with the other 
[practical] the kids are tactile, moving things around and they get a kick out of that and engagement 
is better. They don’t get the same engagement with doing an interactive. But they go, “Oh that’s 
how it’s meant to work!” (Teacher 8). 
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4.4.2.2 Teachers’ personal characteristics 
The second subcategory of data relating to the teacher included the teacher’s personal 
characteristics, that is, their confidence and ability to learn new technology, their relationships with 
colleagues and suppliers, and their influence in the institution. These personal characteristics had an 
impact on their adoption of new technology for use in the classroom.  As was the case for many of 
the categories and properties generated in this study, the properties for this section were entirely 
grounded and arose from the data.  As explained previously, the categories evolved during the 
analysis process, from more descriptive low-level codes to high-level codes that attempted to 
capture the issue behind the description.  The following illustrates how some of these grounded 
codes arose: 
It’s finding the time to set them up. We even got someone out to do a workshop on this with 
us on this, which was great, and I thought, “Here we go”, and then we just let all this time 
elapse, because it’s such a difficult thing to do. We can use the temperature ones and the 
motion sensor, and the motion sensors are very good, but I bought lots of them and we don’t 
use them because they are unintuitive and nobody has the time to sit down and figure them 
out. I would need to take somebody offline for two weeks, I think, to go through all the stuff 
(Teacher 5). 
 The above data were initially coded as “teacher time taken to learn the technology”.  Upon 
closer examination, it could be seen that the teacher was indicating the usability of the equipment 
(“they are unintuitive”); the teacher’s approach to learning a new technology (“got someone out to 
do a workshop on this with us on this”), namely, their confidence in being able to learn a new 
technology (“because it’s such a difficult thing to do”, and additionally their comfort in being 
shown how to use it rather than feeling confident enough to teach themselves how to use it).  It 
could be seen that the original category of “teacher time taken to learn the technology” was actually 
a consequence of properties of “usability of the technology” and “confidence of the teacher”. 
Confidence with technology 
Teachers discussed their initial encounters with the technology, and their strategies for 
learning to use it. Many expressed a dependence upon an expert showing them how to set it up and 
use it. “The initial setup would have taken hours [if we weren’t shown in the in service session]” 
(Teacher 4). “When we bought the GPS we had a demonstration first, we decided to buy them and 
then we employed Johnny Appleseed to come out and run a two hour in service for all our staff” 
(Teacher 4). “We had a quick demo by a lady who went through it fairly quickly” (Teacher 8). 
Following the initial use of the technology, Teacher 5 expressed the need for guidance when 
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looking to use further features of the gel electrophoresis equipment: “So now we need someone 
who can tell us that for x amount of dollars we can extend what this equipment can do for you” 
(Teacher 5). 
Teacher 1 spoke about some of the issues his teaching staff disliked concerning the 
combined use of several technologies in a teaching session: “You’ve got to set up the data projector, 
you’ve got to calibrate the whiteboard, you’ve got to get the pen right with the batteries, then 
you’ve got to remember how it all works. Sometimes it’s just too much information!” (Teacher 1). 
Teacher 4 expressed some trepidation about using the new technology in class before the training: 
“I think we were worried about our own ability as teachers to use them. We didn’t really know how 
to use them, what to do with them, know how good they would be to use” (Teacher 4). “I don’t 
think that your average classroom teacher would find it easy....” (Teacher 4). However she felt 
confident after the training: “Steps to use it were easy once somebody had showed you” (Teacher 
4). 
Nature of teachers’ relationships with colleagues and equipment suppliers 
Teachers commented about how they interact with their colleagues regarding technology use 
in the classroom. Some teachers relied on colleagues or equipment suppliers for recommendations 
of what technology to buy, and how to use it, whilst others were that supporting colleague who 
acquired the technology, and championed it in their school and sometimes district-wide. Teacher 5 
was a leader both in her school and in the local area by supporting teachers in other schools by 
providing them with training and the loan of their gel electrophoresis equipment: “We did set up a 
network of teachers in different schools that have borrowed it. And we have also provided some of 
the local schools with the chemicals that they need” (Teacher 5). Some teachers who were 
championing a technology in their schools felt there was resistance within their teams to its 
adoption, due to past bad experiences: “The biggest obstacle was the staff” (Teacher 3). He related 
new technology introductions from his experience: “There’s a history of IT being forced upon 
people – no training – no expertise, day 1 this is introduced and now you’ve got to do it” (Teacher 
3). Teacher 3 was leading a pilot project with tablet pcs and he made the following comments about 
his technology deployment plans: “We’ve got ten staff who want to be involved. We gave them a 
device – we gave it to them early, so they’ve got three months before they get in front of the class 
with it” (Teacher 3). 
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Influence in institution 
Teachers’ comments suggested that the level of influence a teacher held within their 
institution determined their ability to affect policy or to gain access to required funding or 
equipment. It also affected the level of control a teacher had in their choice to use or to not use a 
technology in class. For instance, a teacher could be mandated to use a technology by the 
departmental work plan. Teacher 6 spoke about access to computer laboratories: “We have one 
room we could do this activity in and it gets booked out.” Teacher 2 spoke about his level of 
autonomy in using the dataloggers: “We’re going to be using them because the ICT part of the 
course is compulsory, so we have to use it” (Teacher 2). 
4.4.3 Technology 
Interview data provided teachers’ opinions about the properties of the technologies 
themselves. These related to the design qualities, that is, its usability, maintenance and robustness, 
attractiveness, and adaptability, and also to its potential frequency of use (data presented in sections 
4.4.3.1 to 4.4.3.3). The technology’s facility to aid the conceptual development of science is 
presented in 4.4.3.4, and its facility to aid collaborative learning is presented in 4.4.3.5. The 
technology could have a facility to enable a task or experience that would be difficult to achieve 
without it and teachers’ comments in relation to this are presented in 4.4.3.6. In section 4.4.3.7, 
teachers’ comments in relation to how technologies can connect school science to the “real world” 
outside the classroom are presented. Many of the technology properties discussed by the teachers in 
the design qualities section were recognised as being issues identified in the usability work of 
Nielsen (1994) and Norman (1988) (described in chapter 2.5.1): ease of use of equipment, good 
layout, feedback, it ease of setup a lesson, attractiveness, and robustness, and so these were adopted 
as codes. However, there were many additional properties that were grounded in the data, for 
instance ease of maintenance of consumables, ease of storage, frequency of use and also the more 
educationally specific properties of: facility to aid development of science concepts, facility to 
promote collaborative learning, facility to enable the novel task or experience, and facilitate, 
connected to the real world that affect the use of the technology in classroom teaching and learning 
situations. 
4.4.3.1 Design qualities 
In relation to the technology’s design, teachers mentioned its usability in general, but also 
mentioned specific information in relation to the general robustness, maintenance and storage 
requirements of the technology. The attractiveness and associated motivation to use it were also 
mentioned, as was the technology’s ability to be adapted to the needs of its diverse learners 
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Usability 
Usability is defined as being “… the extent to which a product can be used by specified 
users to achieve specified goals with effectiveness, efficiency and satisfaction in a specified context 
of use.” - ISO 9241-11. Therefore, a technology that is designed with a logical flow of operations 
results in a product that is easy to learn and use; easy to set up for lessons, and gives good feedback 
to the user as they perform tasks. Teachers commented about the ease of use of the technologies 
they were using and the importance of this. The time taken to learn the technology was an important 
theme, and this is related to the intuitive and logical design of operation. Teacher 7 commented on 
the demands of a teacher’s day and the limited time available to experiment with technologies and 
setup. He related the situation of seeing equipment pre-setup at conferences and being influenced to 
purchase based on this: “They’ve seen it at a conference or somewhere and it’s all setup and ready 
to go and so bought stuff, and not used it” (Teacher 7). Speaking as a Head of Department: “I would 
need to take somebody offline for two weeks, I think, to go through all the stuff” (Teacher 5). Ease 
of learning the technology, both for the teacher and the student were recurring themes: “Ease of use 
is very important” (Teacher 1). “A teacher today used it for the first time: I showed her class 5 
minutes of how to use” (Teacher 1). “[The reason for choosing this model was] …that it wasn’t too 
complicated – that the kids could pick it up quickly” (Teacher 1). “Setup - it was easy – I 
downloaded it one minute – I had it on and I was playing with it straight away” (Teacher 8). “We 
couldn’t get the Pasco [datalogger] started – we couldn’t get past the blank screen” (Teacher 2). 
Teachers mentioned other usability design issues, such as problems with recovering from 
errors, and bad hardware design making the technology physically difficult to operate, and 
unintuitive logic in the software design, all of which resulted in unsatisfying encounters with the 
technology. Teacher 3 complained about the hardware design of the tablet pcs they were evaluating: 
that the battery lock compartment was easy to activate accidentally, causing the battery to be 
ejected, resulting in disruption to the lesson and possible loss of data. He also mentioned an 
unintuitive part of the hardware design in which it was necessary to press and hold a button for a 
number of seconds to rotate the screen on the tablet pc.  “Battery lock – easy to come out. Rotate 
screen needs holding down for a length of time – users don’t realise that” (Teacher 3). Teacher 8 
commented on the emphasis she placed on logical and intuitive software design, in particular, 
recovery after the user makes an error when operating the technology: “If you don’t do it in the 
order they require it doesn’t allow you to do the next step. Once you’d made a mistake it seemed 
difficult to re-do it.” She continued: “I look for things that are quick to set up, easy to navigate that 
you can always go back to the central page” (Teacher 8). She also complained about the feedback 
from the technology when performing actions. The user would activate a command and this was 
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followed by a delay in which there was no acknowledgement that the command had been received. 
She explained that the consequences of this would be that the students impatiently clicked on other 
commands, possibly causing the software to crash: “There was a pause of about 5 seconds before it 
did something – see with kids, particularly with computers, they’re very likely to start clicking on 
something else” (Teacher 8). 
Setup for lesson 
Teachers were discouraged from using technology in their teaching if a large amount of time 
and effort was required for set up and packing away. “Time to set up and break down [packing 
away] is very important” (Teacher 1). Teacher 2 spoke about being potentially misled about setup 
issues at sales demonstrations: “Sales people often have it set up when you come into the room and 
that looks fantastic, but how do you actually set it up?” (Teacher 2). “A lot of the things have to be 
you can just grab them out of the box and use them pretty much straight away” (Teacher 7). 
Teacher 8 described how it was important for the students to be occupied during this setup time, 
especially if there were problems with missing or faulty parts: “You need to have a task for them to 
do whilst you are setting up. You have to think about how long it’s going to take you to set up this 
time, like if the power cord’s gone” (Teacher 8).  The primary school teachers using LEGO robotics 
complained about the set-up time and problems with ensuring batteries were charged before the 
session: "Long set up time, difficulty achieving desired outcomes" (Primary school teachers, Focus 
Group interview). Most primary schools do not have laboratory staff to help with equipment 
maintenance and set-up, so this school addressed the problem by scheduling all robotics classes on 
the same day. The most experienced robotics teacher set up the equipment and taught the first 
lesson, so that problems were identified and resolved by this teacher. The following staff was able 
to follow and use the same set-up which was now running smoothly and so they encountered fewer 
problems: “We use group rotations so the gear is already set up” (Primary school teachers, focus 
group interview). 
Teachers were less concerned with set-up time if they had a Science Officer (laboratory 
assistant) who could maintain kit (including making minor repairs and charging batteries) and set it 
up for lessons and pack away. “Set-up before the lesson is easy because we have help. If you were 
doing it all on your own it would be different” (Teacher 4).  
Robustness 
All teachers interviewed said that the technology was intended for use with a range of 
pupils, who treat it with differing levels of care, so it was expected that the technology would be 
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durable in order to serve the school for a reasonable number of years. Therefore the physical 
robustness of the hardware was important. In terms of software, robustness was a measure of how 
infrequently the software failed or “crashed”, resulting in delays and lost lesson time and frustration 
for the user. Teacher 4 discussed the physical robustness she was looking for in the Geographic 
Positioning System (GPS) hardware: “We went for the robustness and the cost” (Teacher 4); 
“Robustness – the Pasco ones that we use are pretty good” (Teacher 2); “Crashing – it does crash a 
bit – the new versions are getting better” (Teacher 8); “The reliability of the devices has been fine” 
(Teacher 3). 
Maintenance and consumables 
Teachers mentioned the hidden costs of using equipment, which were maintenance, repairs 
and consumables (materials that are spent and need replenishing as the equipment is used e.g., 
chemicals for gel electrophoresis, or batteries). Depending on the financial situation of the school 
and faculty, it could be difficult to fund these requirements. Teacher 7 talked about equipment 
stagnating in cupboards: “expensive technology sitting in a laboratory that nobody uses because 
…there’s an issue with maintenance” (Teacher 7). Teacher 1 talked about the benefit of buying 
equipment that was accessible so they could perform in-house repairs to avoid the expense of 
returning to manufacturers for minor maintenance.  
The purchase of consumables can be a factor in continued use of a technology. Teacher 5 
reported on experiences of using gel electrophoresis equipment: “we now need to buy some 
different types of chemicals.” If a teacher did not have the foresight to include maintenance and 
consumables costs in the original application for funding, finding the money could be problematic 
leading to disuse of the equipment. However, Teacher 5 was an experienced Head of Department: 
“We made sure we bought a lot of the expensive chemicals with the original funding” (Teacher 5). 
Storage 
The issue of storage as a factor in continued productive technology was initially raised by a 
senior secondary science teacher in an informal conversation prior to the commencement of data 
collection. She related her experience of starting a job at the school and on entering the science 
equipment store room, she discovered a range of incoherent equipment. It was unclear which sets 
were complete and in working condition and which were in need of repair, or which cables 
belonged with which technologies and whether some were missing vital parts. The teachers who 
had purchased and championed the technologies had since left that school and the newer staff had 
no knowledge of what was complete and usable, so bound by time constraints, they did not use any 
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of the equipment. It was a time consuming and difficult task to create sense and order in this room, 
and this impressed upon the teacher the need to ensure equipment was stored in a way that cables 
and associated peripherals were located in the same container as the equipment, and that storage 
was a factor that could influence the continued use of a technology in teaching. The teachers 
interviewed had considered the issue of storage when integrating their new technologies into the 
equipment room. Teacher 4 had considered the different options for storage: “We had to devise a 
way of how we were going to keep them – whether we were going to keep them as a set or whether 
you were going to keep all the bits and pieces that went with that one thing together.” Teacher 2 
commented on their systems for kit storage. “We have lots of space in our labs and we have huge 
containers for storage. That’s important.” 
Attractiveness and associated motivational qualities 
Teachers spoke about how attractive the technology was/would be to their students and the 
implications of this. “It’s very good for keeping their attention” (Teacher 1). “The kids find them 
[dataloggers] interesting to use” (Teacher 2). Several teachers spoke of the technology being 
visually exciting: “animations are better the colours are better – visually it’s more stimulating to 
use” (Teacher 8). “I love the layout, the colours are great” (Teacher 8). 
Teachers spoke of the “cool” factor and the motivational aspects of using the technology. 
Teacher 1 described the effect of using stop motion animation activities with low ability, 
disengaged students. “It’s new stuff – it’s really cool! It keeps them on task” (Teacher 1). Teacher 1 
talked about the sustained attractiveness of using stop motion software in a task to illustrate 
Newton’s Laws of Motion. “Some things lose their attraction pretty quickly but this thing keeps it 
up over the weeks because they’re using this tool to develop a project and it takes some thinking, 
and they’re really pleased with the outcome when they’re finished” (Teacher 1). 
Teacher 8 was inspired to try a different pedagogy due to the availability of speech functions 
on the students’ computers. She asked the students to have a debate on a topic, but instead of using 
their own voices, they could type the words and let the computer speak them. She commented on 
the attractiveness of the task for the students: “We’ve had a whole debate where we were all just 
using computers – we couldn’t talk – you could only write on the computer and let the computer 
speak for you. They thought it was hilarious!” (Teacher 8). She also mentioned that the need to type 
their debate points forced the students to pause and consider their responses more fully than they 
would have if they had voiced their opinions, shouting whatever entered their heads.  
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Adaptability to class diversity 
Teachers valued purchases that could be used with several groups and subject areas: ideally, 
if a technology could be adapted, or used for many different tasks, it could accommodate most 
students. Teachers spoke about the diversity of academic ability, learning styles, and different 
attitudes and interests associated with the different genders within a class. “We’re using them in 
different ways with different age groups” (Teacher 4). “We got it for our senior kids but you can 
use it for other grades” said Teacher 5 about the gel electrophoresis kits. Teacher 1 discussed the 
adaptability of stop motion technology and its associated tasks to suit students of all academic 
abilities in studying Newton’s Laws of Motion in physics. He described how a class he observed in 
America was calculating the motion of the projectile and predicting where it would go. He was able 
to try this with one of his more mathematically able classes, but the majority of his students did not 
have the skills to achieve this: “If you get kids who just cannot do the maths, you can still play with 
things and get an idea of where it’s going to be. So it has that adaptability to different levels of 
ability” (Teacher 1). Teacher 6 talked about a remedial class who had a number of students with 
extremely low literacy levels using stop motion animation techniques to study animal behaviour in 
biology and to model animal motion and: “The remedial science class really loved it! There was no 
maths in that but they were thinking about the behaviours of animals” (Teacher 6). “It’s very 
motivating – low level and high level” (Teacher 1). The teachers needed well-developed 
technological pedagogical skills (see section 4.4.2.1) to create tasks that suited the different levels 
of learners, but the technology needed the flexibility or openness to allow this adaptation of task.  
Teacher 1 related how the task in which the class created a movie with a story of their 
choosing to illustrate Newton’s Laws of Motion appealed to both genders. The girls would typically 
choose a love story as their plot, utilising available plastic model zoo animals as characters. “So the 
echidna and the kangaroo are in love with each other - because that’s all they could find - and 
they’ll have these hearts above their head!” (Teacher 1). The movie had to show motion so the 
characters would run towards one another, but there would be a strong back story. The teacher 
reported that the boys would typically create car crash or fight scenes, prioritising action over story 
plot development, but despite their different approaches and interests, both boys and girls were 
achieving the lesson aims of a deeper understanding of Newton’s Laws of Motion. “It’s excellent 
for both genders because they can apply it to whatever story they want. I think that’s important 
because we’re trying to get girls into technology and science” (Teacher 1). Some technologies, such 
as the GPS appealed to one gender more: “The boys really like it – it’s a gadget that the boys 
particularly identify with, more than the girls, I would say” (Teacher 4). Of course there is great 
diversity within genders. Teacher 7 taught in a girls school, and he mentioned the difference in 
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confidence amongst his female students: “With girls, I reckon, particularly with technology in our 
school, the degree of confidence with technology is pretty broad, and so you find some girls who 
get on there and try everything, and others who are really reluctant” (Teacher 7). 
Three teachers talked about the importance of the ability to customise software. For Teacher 
8, activating audio feedback for students with different learning styles was important: “The only big 
disadvantage is Crocodile Clips does not have sound. Some kids who are auditory kids need that 
Ding! You’ve done something right. They quite enjoy that!” (Teacher 8). 
4.4.3.2 Versatility and specificity of task 
Some technologies are very focused in their purpose and can be used for a specific function 
only, whereas with others the usage is less obvious but it has many varied potential applications in 
teaching and learning. For example, simulation software showing electrical circuits allows students 
to study the components in that circuit and the result. Although the activities and calculations can 
vary, essentially the purpose of this equipment in teaching and learning is clear to teachers.  
Conversely, other technologies, such as Geographic Positioning Systems (GPS), provide a function 
that can be utilised in many different subjects, teaching and learning activities and tasks – they are 
more open and versatile. For example, they could be used in science to record the position that a 
reading (such as temperature or ozone) was taken. It could be used in geography to support map 
reading or to lead students on a treasure hunt through which they investigate terrain or nature 
(biology). While this presents many creative opportunities for use, it can present problems for 
teachers in that there is no clear activity or use – much thought and investigation is needed before 
appropriate tasks can evolve, and occasionally a technology can prove to be too difficult to utilise in 
a classroom. 
Teacher 4 was willing to invest in new technology, taking the chance that it may or may not 
prove to be fruitful in the classroom. She was evaluating GPS, which could be categorised as a non-
specific technology (its application in teaching and learning is not obvious). “With something that 
new there’s a certain amount of playing around with it at first. The teacher’s got to see the potential 
of it and whoever’s putting up the money has to be prepared to put up the money not knowing 
whether there’s going to be anything coming out of it or not” (Teacher 4). She invested in GPS to 
investigate its potential, without any pre-conceived ideas about how it might be used, or which 
departments would use it. “I knew that it would be useful for somebody, whether it would be in 
geography, or science, Phys. Ed, but I also didn’t have a real plan as to what it would be used for. 
I’m still not exactly sure how we’ll use it – there’s potential there for them to do investigations with 
it where they look at positions of different things” (Teacher 4). “It’s very creative – the kids can do 
what they like. There’s such a variety with the medium they use – the software is the same but the 
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outcomes are so different from one group to the next” was Teacher 1’s comment about the stop 
motion software and the tasks it enabled. 
4.4.3.3 Frequency of use 
The frequency of use is related to the versatility of a technology, since one that can be used 
for many subjects and year levels will enable a greater frequency of use, and would therefore be 
more cost effective. “We got it for our senior kids but you can use it for other grades” (Teacher 5). 
Teacher 7 was interested in frequency of use of the technologies, and considered this important in 
his cost-benefit analyses: “do it once though and then that money sits essentially in the back of a 
cupboard waiting until next year” (Teacher 7). 
Teacher 1 spoke about the importance of the versatility of the software, and the many uses 
for webcams: “It makes it a better software if you can use it for lots of different things – it’s better 
than many pieces of software that are specific.” He continued by mentioning the $300 he had 
invested in acquiring webcams: “I wouldn’t have done that just for one group” (Teacher 1). Teacher 
7 made comments about the likelihood of obtaining funding for heart rate monitors that had high 
frequency and cross-curricular usage: “We’re going to use in science, but will also be able to be 
used by the PE department and be used by co-curricular sports, so you can sometimes leverage that 
into the case for buying something” (Teacher 7). 
4.4.3.4 Facility to aid scientific conceptual development 
Many teachers emphasised the importance that the technology should be an aid to the 
development of the science content and concepts. Some previous sections have presented data 
showing that contemporary uses of technology in science education can be for engagement of 
students or the development of groupworking and social skills, rather than for specific development 
of scientific concepts. “We’re here to educate students, we’re not here just to engage them!” 
(Teacher 3). Teacher 7 spoke about interactive whiteboards compared to normal whiteboards and 
projectors for developing concepts: “Schools go ‘It’s so cool, it looks great!’ But in terms of what 
you can actually do which helps students to learn that’s not as obvious” (Teacher 7). 
Teachers also discussed how the technology could be distracting from the science teaching 
as students struggle to understand the operation of technology or to troubleshoot. “Hard to show 
students how to use to the point where teaching kids how to use it detracts from the learning 
outcomes” (Focus group interview). Teacher 2 commented on the distracting effect of learning to 
use the technology alongside learning the science concept: “They concentrate too much on using the 
actual device” (Teacher 2). He talked about how learning the technology was engulfing the science 
learning: “At the moment the activity takes over the science, until they’re familiar with it” (Teacher 
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2). Teacher 1 commented about the potential for students to disregard the science when doing the 
stop motion task: “You can get into deep learning, but you can do it on a superficial level as well if 
you want to” (Teacher 1).  
Teacher 5 spoke about a forensics unit in chemistry, and how the technology and the 
complexity it introduced had a detrimental effect on the intended learning. The students were 
engaged in the task, because the technology was exciting. However the primary objective of the 
task was that the students should learn how to perform an investigation and to write a scientific 
report. However, because the mechanics of using the technology was so complex, the teachers had 
to lead the students through it, and on reflection, Teacher 5 felt that the “handholding” had been 
excessive: “They probably didn’t learn what we wanted them to learn because we had to scaffold it 
so much” (Teacher 5). She felt it was important to look at the lesson aims beyond the “coolness of 
it”. 
In contrast to the negative aspects of using technology outlined in the previous section, 
many teachers discussed the ways in which it was helping their students to develop their scientific 
ideas, by allowing them to visualise data or by aiding the teachers in understanding the disconnects 
in the students’ comprehension. “The most important thing is the relevance for science – relevance 
to be able to teach the science that I’m doing at the moment” (Teacher 1). Teacher 2 discussed the 
benefits of seeing the emerging data as a visual graph rather than a string of numbers: “You can 
graph what’s happening, so you can easily see, not just from a table of notes, the children can see 
the graph of what they expect” (Teacher 2). Teacher 8 liked the certainty of measurement afforded 
by the titration simulation she as using in chemistry, compared to the inaccuracies introduced when 
students poured and measured a liquid. The problems with inaccuracy could lead to irregular results 
that then hampered conceptual development: “You fill it up and you know you have 60 ml in there” 
(Teacher 8). The use of the simulation removed the potential problem of inaccuracy in student 
measurement from their understanding of the procedure and concepts. 
Both teachers 2 and 3 talked about the time-saving aspects of technology use, and the ways 
in which technology can relieve students of the mundane learning tasks to focus on the higher order 
thinking and conceptual areas. “Rather than having to record the notes and then type the data into 
Excel or a spreadsheet, or doing the data by hand, it’s a lot quicker” (Teacher 2). Teacher 3 was 
using tablet pcs and pens, and his class were using them to annotate given lesson notes. “So they’re 
not copying down what’s on the board - they’re annotating and understanding. They’re engaging in 
a higher level thought process than the copying process” (Teacher 3). He discussed how it was 
easier to comprehend the ideas and sequence of thinking inside someone’s head by the use of the 
tablet pcs and pens, which recorded every pen stroke that the teacher or student wrote: “So when 
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they get home they can play it back and watch my pen strokes, see how it builds up and that helps 
their understanding” (Teacher 3). The students were able to see the process in the teacher’s head by 
watching the order of his pen strokes in solving a science problem. 
4.4.3.5 Facility to promote collaborative learning 
Teacher 1 summarised the importance that most of the participants expressed regarding 
collaborative learning:  
Groupwork can be hard work, particularly with middle school kids, and particularly with 
boys, because they don’t work well together in groups. But the number one goal of 
education is to get kids working together as a team and the more that they do it the better 
they get at it. To me it’s a mandatory part of teaching. It enables the better kids to help the 
poorer ones also (Teacher 1).  
Teacher 3 explained how having used technology to identify misconceptions or problem 
areas in the students’ heads he was then able to form virtual groups and send differentiated 
worksheets to the students. The groups were set based on formative assessment, and different 
groups would be created for different subjects and concepts. The ease of testing and creating the 
virtual groups allowed this to happen frequently: “You can do on-line multiple choice assessment so 
easily there’s no marking so you have the time to build these groups and you can do these pre-
activities and change the group structures every time” (Teacher 3). He used the technology to create 
groups based on identified areas of weakness, and students were given exercises and worksheets 
specific to those areas. The students did not need to move seats to work in groups and communicate 
with one another via the pcs, and they were frequently unaware that there were different worksheets 
being used in the class: “You can set up groups to work together, not physically together but 
virtually together. So they can see what the other person sees on the screen” (Teacher 3). He used 
the virtual groups to enable group work with many purposes: “You can do extension, consolidation, 
the normal, or you can have one of each in a group all working together, so then there’s peer 
teaching happening.” 
Teacher 6 worked with students with learning difficulties and her focus was to develop 
social and co-operative skills in her groups. She was keen to seek technologies that would further 
these skills: “That actual staying on task and extending attention span and working with others, 
having compromise – a lot of them were social objectives” (Teacher 6).  
Sometimes the technology could be overly motivational causing each child to want to take 
sole ownership of it: “There are kids here who want to be boss, and want to grab machines and have 
them all to themselves, and play with it.” He had the technological pedagogical skills to handle the 
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situation, and did so by encouraging peer teaching: “If one person tends to dominate then I’ll say, 
well show this person how to use it” (Teacher 2). 
Teacher 1 discussed the team work involved in creating the stop motion movies, and the 
different roles a group of students would need to take to make the project work, from set builders, 
project planner, the science developer, and the need for certain students to take the lead in the 
scientific thinking: “They’ve got to use some science concepts and that really uses higher thinking 
processes. They all should do it, but you need someone who can think beyond the square and think 
of ideas. So it’s great that there are all these roles” (Teacher 1). 
4.4.3.6 Facility to enable novel task or experience 
Technology can be used to allow students to experience something too dangerous or 
difficult to access in everyday life. For example, simulation programs can allow students to see the 
inner workings of a nuclear power plant or to visualise macroscopic movements of astronomical 
bodies or microscopic particle behaviour. Teacher 7 was using the simulation program  “Celestia” 
to allow students to see and to interact with the planets and their motions: “With astronomy –you 
can’t do experiments easily…you can’t have them in at 3.00 in the morning… you can do that stuff 
but it’s as a one off thing [astronomy camp], and not everybody can come” (Teacher 7). 
Teacher 3 believed that the experience of using the tablet pc enabled a unique form of 
electronic interaction that was not available with any available technologies at the time: “[You get] 
ways of interacting with the device [tablet pc] that you just don’t get with a laptop. Because a laptop 
is linear: a keyboard is linear and a mouse is linear – you’ve got to do one thing and then do 
something else. Whereas once you’ve got a pen it’s no longer linear, it’s two dimensional, because 
you can do anything in any order” (Teacher 3). 
Other teachers used technology to achieve a goal, but did not believe that the technology 
added a unique dimension: “I think it’s good value for engaging the kids and stimulating their 
interest and yes it does achieve some of the goals of spatially orientating data, but could you do it 
without it? Yes you could!” (Teacher 4). 
4.4.3.7 Facility to connect to real world 
Teachers spoke about the ability of the technology to connect to the world outside the 
classroom, and that the students found this motivating. Teacher 5 commented about the gel 
electrophoresis kits: “It looks like what they do in CSI on the TV!” (Teacher 5). Teacher 3 spoke of 
the enthusiasm of his students for using the Instant Messaging (IM) facility on their tablet 
computers: “They prefer to use IM – it helps them learn the work environment” (Teacher 3). 
Teacher 6’s students were inspired by making movies: “ ‘This is great, Miss! I wouldn’t mind doing 
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this as a job’. So they can see movie making and they can see what’s involved” (Teacher 6). 
Teacher 3 discussed the need to educate students with the skills they would need in the workforce 
of the future, the jobs of the future are unknown at the time of schooling: “You’re a grade 6 boy 
today, you don’t know what new careers will be available. The only thing we do know is that they’ll 
have to use computers. So there has to be a technology literacy and a technological skills base that 
we build within the students” (Teacher 3). 
4.4.4 Learners (Class) 
The class comprises learners with different characteristics and abilities. There would need to 
be a fit between the technology and the learners for a productive lesson to happen. In the interviews, 
comments from teachers were seen to relate to the characteristics of the class with respect to the 
students’ academic ability, their diversity, their motivation to learn and classroom behaviour, their 
initiative (particularly with regard to troubleshooting), attention span and treatment of the 
equipment.  These properties were entirely grounded in the data. 
4.4.4.1 Academic ability 
Teachers spoke about the academic levels of the classes they taught. They described how 
they used their pedagogical and technical pedagogical knowledge to develop appropriate lessons for 
the different levels (as presented in 4.4.3.1). There comments specific to this issue are restated here: 
“Year 9 has a number of students from our special education unit and a number of students with 
extremely low literacy levels” (Teacher 6). “So a bright class do it at that level” (Teacher 1). “There 
is a very high level of ability from the students” (Teacher 2).  
4.4.4.2 Diversity 
The greater the measure of diversity within a class the more differentiated teaching and 
learning a teacher would have to display. Issues regarding technology adaptability to the diversity in 
the class were presented in section 4.4.3.1. Most teachers described the range of student ability, 
learning styles and learning issues as well as a mix of genders within their classes. However, 
Teacher 2 taught in an academically selective school, and the diversity within his science class was 
not large, so could use the same lessons with all classes. “We don’t have different ability levels here 
so we don’t have to worry about catering for different levels” (Teacher 2). All other teachers needed 
to consider the diversity within their classes, and adapt their lesson preparation, pedagogy and 
technology appropriately. These differences have been described in the pedagogy section of the 
teacher (section 4.4.2.1). 
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4.4.4.3 Motivation to learn, attention span and behaviour 
Teachers reported that their confidence in introducing a technology to a particular class was 
related to the behaviour that class exhibited for the teacher. Teachers 7 and 3 were concerned about 
the off-task misbehaviour that some groups might exhibit: “There is an issue sometimes if you’re 
using the internet that kids will search for other kinds of things!” (Teacher 7).  “Where you have a 
camera involved ‘OK let’s take a photo up the girls’ skirts’” (Teacher 3). Teacher 6 discussed the 
lack of control her students had over their emotions and that bad behaviour could result if they 
encountered problems or frustration: “Some are quite volatile and don’t have a lot of control and 
with the LEGO block it’s more of a frustration thing rather than they would throw it wanting to 
cause injury” (Teacher 6). “A couple didn’t do the whole thing because they didn’t engage or at 
times they had meltdowns” (Teacher 6). Regarding the treatment of the equipment, some teachers 
were satisfied that their students would treat it with care whereas others had some reservations: “In 
the grade 10s there’s always one or two who tend to be a bit rough and muck around with them too 
much but generally, it’s not too bad” (Teacher 2). 
Teachers were careful to keep the length of the activity within the attention spans of their 
students: “It [length of activity] would be [important] depending on the age of your students” 
(Teacher 5). “The kids with the laptops probably have a bit more of an attention span than some of 
the other kids” (Teacher 8). “They’re all very motivated here” (Teacher 2). Teacher 6 talked about 
the difficulty school and in particular science had in competing with the outside interests of the 
students: “14 year old girls – Neighbours, Days of our Lives etc. have far more priority and they’d 
much rather discuss that than do any of this!” (Teacher 6). The teachers who had motivated students 
could introduce a technology that was difficult to learn and the students would persevere and 
complete the task. However students who were not highly motivated needed a technology that was 
easy to learn and use and did not cause them to become frustrated, or they would lose focus and 
misbehave. 
4.4.4.4 Initiative 
Teachers were more inclined to introduce technology to students who exhibited initiative in 
learning the technology and troubleshooting any problems. If the teacher was occupied 
troubleshooting every technical problem that arose, they were not available to teach the science 
concepts. Teacher 8 had confidence in her students’ initiative: “I can trust them – if I was away for 
a lesson I can say go to this folder and open this program. I don’t need to tell the supervising 
teacher they’re doing this program these are the steps” (Teacher 8). “My kids are great at fixing 
problems. They are quite independent – or they’ll help each other. Like the computer’s not working 
– they’ll fix my computer!” (Teacher 8). Teacher 4’s middle school students were keen to press or 
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click anything: “Well they’ll try anything, won’t they!” (Teacher 4). However, Teacher 6 had to 
consider her technologies and activities carefully, knowing her students would need a lot of support 
from her: “Some of my kids don’t show any initiative at all” (Teacher 6). 
4.4.4.5 Treatment of equipment (theft) 
Teachers talked about the care and treatment of the technology afforded by the students. 
Teacher 1 discussed the theft of the webcams purchased for the stop-motion activity: “They’ve left 
them in the computer for the next class and people have pocketed them!” (Teacher 1). Teacher 3 
commented on the students’ care of the tablet pcs, and how, when the parents were paying for the 
equipment, it would be treated with better care than while they were using the trial pcs loaned by 
the school: “When they (the pcs) become personally owned the care taken of them will improve” 
(Teacher 3). 
4.4.5 Teaching Environment 
4.4.5.1 Technical environment 
Teachers raised issues around the computer hardware (speed, storage capacity). In relation 
to the computer hardware available in the school, some teachers were concerned that it might not be 
adequate for the job, but in the majority of cases these fears were unrealised: “I was worried that the 
computers might be too slow to run these pictures fast enough together and have a smooth effect 
like a movie… I was surprised in the beginning how well it went” (Teacher 1). However Teacher 8 
felt that the computer hardware was not adequate for the software she was running: “There was a 
pause of about 5 seconds before it did something” (Teacher 8). 
Many of the teachers complained about their school network, with problems of the network 
crashing, speed and number of simultaneous student connections that were allowed. Teacher 8 
talked about the room she was teaching in having connections for 10 out of her 28 students at a 
time: “I try and get things on CD. I gave up on the internet” (Teacher 8). “There are issues here 
though with the network so sometimes it’s do you set it up on the whole network or do you set it up 
on each computer here” (Teacher 1). “A hundred devices came on line and it suddenly doesn’t 
work” (Teacher 3). “Entirely new wireless setup! This is the sort of stuff you don’t think about at 
the start of a project” (Teacher 3). “The only problem I had was the network so I gave up trying to 
use the network  - it’s on each computer. We put it on the server as well but it just didn’t work on 
the server it was too slow” (Teacher 1). “The network’s a problem though. We do it without the 
network: not using the internet for this” (Teacher 1). 
Sometimes different models of hardware or different versions of software existed in a 
classroom because the equipment had been bought at different times, and this caused problems 
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when instructing the class and setting up the equipment. Teacher 1 described the problem of having 
different versions of webcams and the associated software drivers. Different computers had 
different versions of the driver software loaded, meaning that the cameras needed to be plugged into 
a specific computer if they were to work correctly: “You had to put the right camera in the right 
place. We’ve got three different styles of cameras so three they’ve all got their own drivers, because 
we bought them at different times” (Teacher 1). 
4.4.5.2 Room layout, storage 
The room layout, including positions of screens, access to power sockets, control over light 
and the position of tables affected what was possible with technologies: “Our rooms are designed to 
use technologies and for the kids to have their own devices” (Teacher 2). Teacher 1 talked about the 
conditions he needed to control in the room to enable successful running of the stop-motion 
activity. “Room layout is very important because they’ve got to set up their scenes, and light’s a 
factor too - if it’s too bright or too dark it’s going to affect it. Our room is good we can set things 
out and block the windows” (Teacher 1). Anecdotally, other teachers have complained about newly 
refurbished teaching rooms with badly positioned whiteboards that are difficult for the students to 
see when seated, or difficult for the teacher to access to write on, or have a glare from sun 
reflection. Laboratories can have inadequate numbers of power sockets (particularly as an 
increasing number of schools have students work on laptops in class) or network ports, and all these 
issues hamper the teaching and learning within that environment. 
4.4.5.3 IT support 
IT support was critical in the use of technology in the classroom, for instance, 
troubleshooting network problems while teaching would cause great disruption to the conceptual 
learning of science. Teachers had very varying opinions of the support they received from their IT 
staff. “The IT guys here are pretty good too” (Teacher 2). “We’ve had a little bit of a change in our 
staffing in the tech support area, but everyone’s very good” (Teacher 7). However, Teacher 3 was 
concerned about the attitudes of their IT staff, and felt that change should be led by the teaching 
staff, and the IT staff should not act as gatekeepers to the technology: “We had to change their 
mindset from being IT driven to IT being a customer services manager – they hold all the power 
with respect to the devices - there’s no training, so they’re the experts”  (Teacher 3). 
4.4.6 Power factors 
Factors exist that govern the technology acquisition and use in a school classroom and these 
are beyond the direct control of the individual classroom teacher. These factors include the syllabus, 
the school management and other stakeholders, and access, both to physical resources and to 
software. 
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4.4.6.1 Syllabus 
Teachers’ activities in science are guided by the syllabus, which either directly or indirectly 
controls the topics and the amount of time that can be spent on each area. Teacher 2 felt the 
imperative to use technology was set by the syllabus for the International Baccalaureate (IB): “The 
science courses that we have to do here for the IB always ask the kids to use ICT in their 
experiments” (Teacher 2). The elements of compulsion were clear in his comments:  “It’s written 
down for one experiment use some technology in the school to record digital data. We’re going to 
be using them because the ICT part of the course is compulsory, so we have to use it” (Teacher 2). 
“It’s got to fit in well with the curriculum – that’s the most important thing” (Teacher 1). 
4.4.6.2 School management and Stakeholders (governors, parents) 
Teacher 7 spoke about the compulsion from the Parents and Friends (P&F) committee of his 
school to acquire interactive white boards (IWB), in order to provide an up to date and modern 
classroom, despite the reservations of some staff:  “The pressure came from the parents saying we 
want interactive whiteboards in the classroom, here’s the money from the P&F, go and get some!” 
(Teacher 7). He reported that the interactive features of the whiteboards were not being utilised by 
the teachers and he did not see pedagogical value in the technology at senior level. “You try to 
move away from a transmissive approach, and so investing so much money in something which all 
it allows you to do really is present stuff…” (Teacher 7). 
Teacher 3 was aware of the need to be accountable to the parents. In introducing tablet pcs 
to the school, he felt there needed to be measurable and demonstrable benefits, or the idea would be 
abandoned: “Parents need to know what these devices are and what they’re capable of. If we get to 
the end of this process and find we can’t show improvements or anything that would sell it to 
parents, then we won’t go down that route” (Teacher 3). 
4.4.6.3 Access (including licencing and permissions on computers and networks) 
Teachers spoke about restricted access to facilities. This could be hardware that was 
physically locked way by particular members of staff, or access to software, due to licensing 
restrictions. These teachers spoke about the requirement for students to access technology at home, 
and the restrictions on some software licences that would not allow this to happen. Teacher 1 
expressed delight that the software licence for the datalogging analysis software allowed students to 
use it at home to analyse the data collected in class: “Logger Pro is $200, but for a site licence kids 
can take it home and it’s an essential part of their datalogging so that’s brilliant!” (Teacher 1). 
Teacher 8 commented on the benefit of having access to classroom software at home, rather than 
only on the school network, so that she could use it for preparation: “I can have it anywhere. So I 
can be at home and play with it, with some of the dataloggers and programming you can’t access 
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because they’re on the network” (Teacher 8). Teacher 4 also spoke about teachers’ access to 
equipment for development time at home: “Access for teachers for lesson preparation – that might 
be difficult. We encourage teachers to take them home for the holiday, and they can take them 
home at night, but during the day time we have a class that’s using them so that may not be 
possible” (Teacher 4). 
Teacher 1 spoke of the problems of physical access to a limited number of computer 
laboratories: “Getting to the room – getting to the computers when you have eight classes all 
wanting to do this, I’ve spread the topic out over the year so that two classes a time are doing it – 
access is a problem” (Teacher 1). Teacher 6 echoed this sentiment: “We have one room we could do 
this activity in and it gets booked out” (Teacher 6). Teacher 7 also spoke about the limitations of 
having a small number of computers available to a class of students: “We have 6 pcs in each of our 
laboratories – the ideal would be to have more” (Teacher 7). Teacher 6 mentioned the limited 
number of cameras available to her class: “Really difficult to this as a full class activity if you didn’t 
have the appropriate number of computers and cameras and that’s what limited us – we had 9 
cameras in a class of 27” (Teacher 6). Some schools were moving towards laptop classes, so the 
pressures on computing resources were reduced in these instances: “They all have their own tablet 
pcs – we don’t need to use computer rooms” (Teacher 2). This was the case for the classes taught by 
teachers 2, 3 and 8. 
Teacher 1 was experiencing problems with the restrictive student accounts on the network. 
These accounts did not allow the students to plug in peripheral such as cameras, which were needed 
for the class activity. “On the student logon there’s very many restrictions on what they can plug in 
and play” (Teacher 1). 
4.4.7 Summary of categories, properties and dimensions 
The following tables summarise the categories (teacher, technology, learners, teaching 
environment, and power factors) derived from the data together with their properties and the 
dimensions that could be used to measure the properties.  The dimensions were a scale: for example 
content knowledge could be measured along the continuum of weak to strong whereas the initiative 
of the learners could be along the continuum of low to high. 
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Table 4.2a 
Category: Teacher 
Property Dimensions 
CK – Content knowledge Weak to strong 
PK – Pedagogical knowledge Weak to strong 
TK – Technology knowledge Weak to strong 
PCK – Pedagogical content knowledge Weak to strong 
TPK – Technological pedagogical knowledge Weak to strong 
TCK - Technological content knowledge Weak to strong 
TPACK – Technological, pedagogical and content knowledge Weak to strong 
 Confidence and ability to learn new technologies Weak to strong 
 Relationships with colleagues Weak to strong 
 Personal characteristics such as innovator or follower  
 Influence in institution Low to high 
 
Table 4.2b 
Category: Technology 
Property Dimensions 
Usability (ease of learning and use, good layout and feedback) Bad to good 
Ease of setup for lesson Difficult to easy 
Robustness Weak to strong 
Ease and/or achievable maintenance and acquisition of consumables Difficult to easy 
Ease of storage Difficult to easy 
Attractiveness Low to high 
Ease of adaptability to class diversity Difficult to easy 
Versatility/ specificity Low to high 
Frequency of use Low to high 
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Facility to aid development of science concepts Low to high 
Facility to encourage collaborative learning Low to high 
Facility to enable novel task experience Low to high 
Facility to connect to real-world (e.g., authentic work tool) Low to high 
 
Table 4.2c 
Category: Learners (Class) 
Property Dimensions 
 Academic ability Low to high 
 Diversity of class Low to high 
 Motivation to learn and attention span Low to high 
 Behaviour Bad to good 
 Initiative Low to high 
 Treatment equipment (e.g. theft) Bad to good 
 
Table 4.2d 
Category: Teaching Environment 
Property Dimensions 
Computer hardware (speed, storage capacity, portability) Bad to good 
Network reliability and speed Bad to good 
 Diversity in versions of technology Low to high 
 Room layout and configurability, ease of storage Bad to good 
 IT support Bad to good 
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 Table 4.2e 
Category: Power factors 
Property Dimensions 
Specificity of syllabus Specific to liberal 
Influence of school management and stakeholders (e.g., parents, 
governors) 
Low to high 
Access (physical access to rooms and permissions on PCs and networks) Low to high 
4.5 Second and Third level coding 
Axial coding is performed at the second stage, in order to determine the core phenomenon or 
variable of the study – “the main concern that drives and directs participants’ behaviour”, with the 
intent of developing a theory in the third stage. As outlined by Corbin and Strauss (2008), the 
categories from the first stage of coding are classified as causal conditions, (the factors that 
influence the core phenomenon), strategies (actions taken in response to the core phenomenon), 
contextual and intervening conditions (specific and general situational factors that influence the 
strategies) and consequences (outcomes from using the strategies). Each category then takes its turn 
at the centre of the process as the core phenomenon, and the other categories are related to it. In 
Figure 4.5. Process model of choosing and using technology for continued sustainable 
educationally productive teaching and learning with technology.
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the third stage of analysis, the process of the core phenomenon is captured and described in a 
diagram. 
In analysis of data collected in this study, the following categories were placed at the centre as the 
core phenomenon to investigate: the technology in teaching and learning, the school management, 
the teachers’ knowledge, the student characteristics, and the classroom environmental factors. As 
shown, putting the introduction of technology into teaching and learning at the centre accounted for 
the majority of the data from the teacher interviews. However, validity checks were undertaken by 
putting the other categories at the centre.  
Figure 4.5 describes the process of choosing and using technology for continued, 
sustainable, educationally productive teaching and learning with technology. It can be seen that the 
contextual and intervening conditions (specific and general situational factors that influence the 
strategies) are science teaching in teacher led, first world classrooms and the environmental factors 
of classroom facilities, availability and support. The causal conditions (factors that influence the 
core phenomenon) can be categorised as either external or internal to the organisation. The external 
include syllabus requirements for technology in teaching, and any state or national government 
policies that might influence the use of technology in a classroom, such as the Melbourne 
Declaration (see section 1.1). Internal to the organisation, the factors affecting the teacher are 
school management, from Head of Department upwards, and other stakeholders such as the Parents 
and Friends (P&F) committees. The teachers’ personal motivations for using technology in teaching 
and learning were their interest in improving teaching and learning for their students, and equipping 
them with skills for the future. The strategies (actions taken in response to the core phenomenon) 
are identification of the new technology, its evaluation and choosing, followed by learning it, 
developing lessons and teaching materials and finally incorporation into classrooms. With major 
projects, this might involve an upgrade of infrastructure such as networks and labs, and pilot 
projects. The consequences (outcomes from using the strategies) can be (a) successful lessons in 
which lesson objectives (academic and/or social) are achieved and the technology has enhanced / 
aided this or (b) unsuccessful lessons with time wasted and frustrated teachers and students. 
Successful lessons could lead to continued and even increased use of technology in teaching and 
learning, whereas unsuccessful lessons often lead to abandonment of the technology, and a 
regression to more transmissive pedagogies. 
In the third and final coding stage - selective coding – a theory was written from the 
interrelationship of the categories in the axial coding model and this theory provided an abstract 
explanation for the process (act) of using technology to aid teaching and learning in a science 
classroom. The core variable (summary of the main concern that drives and directs participants’ 
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behaviour) was identified and used to sum up or to integrate the findings. The core variable was: 
sustained, educationally productive technology use in science teaching and learning, in which the 
technology enables or enhances the learning. The words are defined in this study as follows: 
Word/phrase Definition 
Sustained the use of the technology is continued by choice in future teaching 
Educationally 
productive 
the teaching and learning goals (academic and/or social) of the lessons 
are achieved, and the technology has enabled or enhanced this. The 
word productive is in accordance with its use in “productive 
pedagogies”: “enhanced student outcomes of both an academic and a 
social kind” (Lingard et al, 2003) 
Classroom indicates the learning is face-to-face and /or teacher led, that is, the 
teaching and learning is not distance learning. 
4.6 Summary of the data coding 
The data from this study have revealed the following: (a) there are cases in which schools 
are acquiring technological equipment that is not being used in teaching and learning (survey and 
interview data); (b) teachers are investing time, and sometimes money, in acquiring and 
investigating new technologies but failing to convert this into classroom teaching and learning 
(survey data); and (c) teachers are experiencing many difficulties using technological tools in their 
teaching and learning, in some cases leading to abandonment of the technology (survey and 
interview data). Some of these difficulties were properties of the technology itself, whilst others 
were problems that arose from a combination of the teachers’ environments, personal knowledge 
/characteristics, institutional and other power factors and the students. 
The following section shows the development of the process model derived from the data in 
this study, into a model that proposes to capture the essential factors when technology is used in 
science teaching and learning. It situates the teacher as one of the actors in the process rather than 
being at the centre, and in doing so allows either the teacher or an external observer to evaluate the 
proposed or actual introduction of technology into a science teaching and learning session.  It is 
shown how pair analysis of factors in the model can be undertaken to perform this.  The evaluation 
model is then extended to become a predictive evaluation tool that allows a teacher to determine the 
success or otherwise of a proposed new technology into their classroom situation. 
4.7 The PETTaL model 
As discussed in Chapter 1, there is a gap in the literature for overarching models describing 
the factors involved when teachers use technology in teaching and learning, and there is very little 
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guidance provided to teachers about how to select technology for the classroom. The interview data 
from 4.3 showed that teachers are currently using very varied methods for selecting technologies, 
but they predominantly favoured one of two intuitive approaches:  these can be defined in this study 
as people-centric or technology-centric. The teachers who had a people-centric method trusted a 
person or a brand, for instance, they consulted a colleague who was currently using a similar 
technology and acted on their advice. It is possible, however, that the translation of that particular 
technology from the particular combination of teacher and learners in the colleague’s environment, 
to the new school / teachers / learners could result in a different transaction and a different level of 
success. People-centric selectors also trusted the advice of suppliers, or made decisions to acquire 
particular brands based on favourable past experiences with other products. Conversely, 
technology-centric teachers focused their evaluations on the equipment and software, but the 
resulting technology could experience different degrees of success depending upon the 
characteristics of the teachers and the learners using it. No teachers in the study were consulting any 
procedures, models or theory when making their choices. There is clearly a need for a holistic 
model that captures the essential elements at play when technology is used in a classroom teaching 
and learning session, that can guide teachers.
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4.7.1 The PETTaL theoretical model 
 
Figure 4.6. The PETTaL model
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The model is derived from the grounded data as analysed in section 4, and the five 
categories that were identified: Power, Environment, Teacher, Technology, and Learners 
(PETTaL). Each of the categories has properties, as shown in the boxes in Figure 4.6 and the 
properties have dimensions, which give a measurement scale to the properties. The complete list of 
categories and their properties and dimensions can be seen in Appendix B (Tables describing the 
properties of the five entities in the PETTaL model and their dimensions). The Teacher category 
has properties that can be categorised as teacher knowledge and personal characteristics. When 
coding it was recognised that the aspects of teacher knowledge being discussed in the interviews 
were described by Mishra and Kohler’s (2006) TPACK model and so adopting these, the properties 
are: content knowledge, pedagogical knowledge, technology knowledge, pedagogical content 
knowledge, technological pedagogical knowledge, technological content knowledge, and 
technological pedagogical and content knowledge.  They can be measured on a scale of weak to 
strong (the dimensions).  From the coding, the teacher’s personal characteristics revealed properties 
of: confidence and ability to learn new technologies, relationships with colleagues, personal 
characteristics such as innovator of follower, and influence in institution. 
The properties of the Technology category were also derived from the data. However, it was 
recognised that the teachers were describing aspects of Nielsen’s usability heuristics and Norman’s 
model (Chapter 2), so many of these properties reflect the usability literature (Chapter 2): ease of 
use, ease of learning, good lay out, feedback, ease of setup for lesson, robustness, ease of 
maintenance and acquisition of consumables, ease of storage, attractiveness, adaptability to class 
diversity. In addition there were properties which arose from the specific application of the 
technology to (science) teaching and learning: the facility to aid the development of scientific 
concepts, the facility to promote collaborative learning, the facility to enable a novel task or 
experience, and the facility to connect to the real world of scientists and employees.  There was also 
a category of the frequency of use which was related to the versatility or specificity of the 
technology, that is, did the technology have a sole purpose such as a simulation software for 
teaching a specific scientific concept, or was it a more versatile resource, such as heart rate meter 
which could be used in many activities in cross curricular settings. 
 The properties for the Learners category arose entirely from the data, and these were: 
academic ability, diversity of the class, motivation to learn and attention span, behaviour, initiative, 
and treatment of equipment. Similarly the properties for the teaching environment and the 
properties for the power factors were from the data alone. The properties of the teaching 
environment were the technical environment (computer hardware, network reliability and speed 
and, homogeneity of versions of technology) and the physical environment (room layout and 
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configurability, storage, IT support). The properties for the power factor were the syllabus, school 
management and stakeholders and access (including physical access and software licenses). 
The PETTaL model proposes that each property exists independently of a person’s 
perception, knowledge of and ability to leverage these properties. For example, a technology has 
properties of good usability, but these will manifest themselves differently depending upon the 
technological knowledge of the particular teacher using them. The PETTaL model is situational: 
each of the categories in the PETTaL model has properties, but how they are perceived and how 
they manifest themselves depends on the particular situation in which they are used, and therefore 
the success of the technology in teaching and learning is dependent on combinations of these 
properties. A technology could be very powerful in aiding conceptual development, however, if 
used in a classroom environment that was unsuitable (for example, too little space, inadequate 
access to power, inadequate internet connection), the resultant lesson could be unsuccessful. 
Similarly, a technology could be fragile (property of robustness, with a dimension low), but this 
would work in combination with the learners’ treatment of the technology: the technology can be 
used successfully for a number of years with students who exhibit care and attention.  Therefore it 
can be seen that the model outlines the properties of each category, but to assess the likely or 
resultant success of a technology in a teaching and learning situation, or combinations of the 
properties would need to be considered. This results in a “meatball and spaghetti” metaphor in 
which the categories are the “meatballs” and the “spaghetti” is the connections between properties, 
as seen in Figure 4.7. 
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Figure 4.7. The “Meatball and Spaghetti” image illustrating some of the possible connections 
between the properties. 
The real world classroom is complex and “messy”, so ideally to describe a teaching and 
learning session involving technology, all combinations of the properties from the different 
properties would need to be considered. However, an analysis of all the factors in the model is 
probably not achievable, therefore, it is proposed that the identification of the more important 
factors and pair analysis of those can reveal indicators of what is / is not working in the teaching 
and learning episode. The following section will discuss pair analysis of the model, in which the 
more salient factors are identified and analysed in pairs to give an indication of the likelihood of 
success when using a particular technology in combination with a particular teacher, class, 
classroom, curriculum, and institution.  
4.7.2 Application of the PETTaL model - Pair analysis 
 A consideration of the properties in the PETTaL model for a specific teacher in a lesson 
with a particular class will cause some properties to appear more significant due to the situation, for 
instance, the classroom (environment) could be old and have inadequate hardware speeds and so be 
a significant concern or the behaviour the class exhibits could be particularly problematic etc. 
Significant properties can be identified and analysed in pairs. The following diagrams can 
summarise the successful or unsuccessful outcomes of pair analysis of two example properties, 
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looking at the combinations of their dimensions being high/high, high/low or low/low (see 
Appendix B for details of the properties and dimensions of the PETTaL model). 
Figure 4.8. Teacher: Technological Knowledge and Technology: Ease of Use 
Figure 4.8 above considers the result of the pair analysis when the Teacher (category): 
technological knowledge (TK) (property) is combined with Technology (category): ease of use 
(property). The ! symbol shows there were successful results with the combination of a teacher 
with high technological knowledge and a technology designed with strong usability principles (that 
is, Technology: ease of use - high) or a teacher with low TK but a technology with high ease of use. 
There can be a successful encounter between a difficult technology (Technology: ease of use – low) 
and a highly technologically knowledgeable teacher (Teacher: technological knowledge – high). 
However there is an unsuccessful result between a teacher with low technology knowledge and a 
difficult to use technology (ease of use – low). 
Therefore by performing a pair analysis by analysing combinations of properties from 
different categories, it can be seen that in addition to the obvious conclusion of two “highs” 
resulting in a success, there can be a compensating factor that allows a successful encounter for a 
low dimension in one property: in the above example Technology: ease of use – low and Teacher: 
technological knowledge – high. In this case, the low ease of use is compensated by the teacher’s 
high expertise with technology.  
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Figure 4.9. Learners: Behaviour and Technology: Robustness 
The above diagram demonstrates the relationship between student behaviour, in this case, 
the care the learners show towards the treatment of the equipment, combined with the robustness of 
the technology. It shows that learners who demonstrate care can work with robust equipment, but 
can compensate by giving special attention to equipment that is delicate (for example, wires are 
easily detached or the equipment will break if dropped). 
 
 
 Figure 4.10 shows the result of comparing the motivation of the learners with the attractiveness of 
the technology. It can be seen that highly motivated learners will have successful encounters with 
either highly attractive technology or technology that is not attractive. However learners with low 
motivation are likely to require attractive technology to facilitate successful learning. 
Figure 4.10. Pair analysis of Learners: Motivation with Technology: Attractiveness 
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Therefore, the PETTaL model seeks to identify all the factors at play when technology is 
used in a science teaching and learning lesson and this model arose from grounded data, 
appropriating education and human computer interaction theories and models where the data 
suggested this issue. By identifying the most important factors that are relevant to that situation, 
pair analysis can show what combinations will allow success and what combinations could result in 
failure. The next chapter extends this model and describes the creation of a predictive evaluation 
tool (PET) based on the PETTaL model that can guide a teacher’s analysis of a technology before 
they decide whether or not to pursue its use in the classroom. 
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5 The Predictive Evaluation Tool (PET) 
This chapter describes the creation of the Predictive Evaluation Tool (PET). It begins with 
an account of the creation of the tool from the PETTaL theoretical model, derived in Chapter 4.7. It 
continues with a description of the methodologies used in the development and of the process of 
determining the style for the items in the PET. The evolution of the PET is then described, along 
with the participant testing at each iteration of the design process.  
The theoretical PETTaL model detailed in the previous chapter was the basis for the 
development of a practical tool for teachers to assess classroom teaching and learning with 
technologies: the Predictive Evaluation Tool (PET). The PET was intended to be an operationalized 
version of the theoretical PETTaL model, to scaffold the teacher through a consideration of 
particular aspects of learning and using the technology in the classroom, by providing them with a 
series of questions or statements. In its first iterations, it focused primarily on analysing the 
usability of the technology. Following testing and feedback from teachers, its scope was expanded 
to include a consideration of the technology in relation to aspects of pedagogy and student learning. 
The final tool comprised sections that investigated the teacher’s time requirements (set up, 
preparation of teaching support materials), effectiveness (how the technology supported effective 
pedagogies and supported content conceptual development and the attainment of lesson objectives), 
the suitability of the technology both to the teacher’s experience and the knowledge and the 
students and the classroom physical environment, and it can be seen in Appendix D. It began as a 
paper instrument, then was developed as an electronic version built as a spreadsheet, for the teacher 
testing sessions. It is proposed that the final version should be an internet based instrument, to 
increase availability.  
5.1 Development of the PET 
As previously discussed, the PETTaL model was abstracted from research data. However, to 
create the items for the Predictive Evaluation Tool (PET), it was necessary to re-examine the raw 
data for teachers’ reports of specific examples, issues and problems, and to investigate the existing 
theoretical frameworks, models and heuristics from the literature that were employed in the 
analyses of these areas. Additionally, revisiting the original data and literature to create the tool 
meant that it could further test and validate the PETTaL model.  
5.1.1 Methodology for the development of the PET 
The PET was developed using agile methodologies, that is, a suite of software development 
methods that privilege adaptability and iterative, incremental development over pre-determined, 
rigid schedules. Agile methods were outlined in section 3.1.1. Following the iterative principles of 
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agile product development, at each stage, the items were validated and tested with groups of 
teachers or pre-service teachers and the feedback received informed the development of successive 
versions of the PET. The validation initially took the form of “laboratory tests” in which teachers 
were given an unfamiliar technology and asked to learn it, and later evolved to  “field tests” – real 
life situations in which teachers who had independently taken the decision to purchase a technology 
for use in the classroom were asked to evaluate this using the PET. Field tests were conducted after 
the PET had reached a satisfactory stage of evolution. At the end of the laboratory test, the teachers 
were asked how the evaluation results of the PET compared to their instinctive reactions to and 
opinions of the new technology, and its value in teaching and learning, and these comments were 
recorded. The teachers were also asked whether there were other areas of evaluation that the tool 
should address, or other items that would help them in their evaluation decisions. The purpose and 
scope of the PET evolved during these iterations of development, due to the feedback received. The 
following sections will describe the iterative process of developing the PET and outline the 
theoretical models and/or grounded data used as the basis of the item creation. 
5.1.2 Determining the style of the Predictive Evaluation Tool (PET) 
The next step in the process of designing the PET was to determine its style, for instance, 
should it have open questions, a checklist requiring a “yes/no” response, a numerical scale response, 
or should it be a combination of these options. Chapter 2 reviewed the literature on the software 
evaluation tools that had been developed from the 1980s onwards, and these were analysed to 
provide guidance. It was proposed that this tool would have items that were graded by the teacher 
on a numerical scale and the final output of the tool would be a number (percentage) that predicted 
the likelihood of success. It was decided that the PET would be based around the usability 
evaluation heuristics of Nielsen and Norman (section 2.5.1). A qualitative approach would not 
easily yield a summary of the technology that could be communicated, so it was decided to adopt 
the checklist style of an itemised approach, but to try to avoid the problems of oversimplification 
that have been discussed in Chapter 2. It was decided to use a five-point scale as an initial approach. 
The question of whether or not one evaluation tool could consider both software and 
hardware equally was another consideration. The guides from the 1980s to present day focused on 
software evaluation. The usability work of Donald Norman considered all objects from the same 
design perspective. His book The Design of Everyday Things (Norman, 1988) proposes usability 
evaluation guidelines that apply equally well from teapots to revolving doors to jet fighter planes. It 
seemed plausible, then, that the proposed Predictive Evaluation Tool could analyse both software 
and hardware technologies equally well. 
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5.1.3 Version 1 of the PET – a usability guide 
Firstly, it was necessary to determine the scope of the PET. It was originally assumed that 
the teacher would not want a tool that scaffolded the entire PETTaL model when choosing a 
technology for science teaching, since a tool having too many categories might increase confusion 
rather than be of help. The PET was not intended to be a self-contained, autonomous predictor of 
success with technology, that removes the teacher from the decision-making process – rather it 
should provide the teacher with a framework for analysis based on theory that revealed potentially 
problematic areas. It could aid the analysis of certain aspects of technology incorporation that are 
frequently overlooked, such as the computer networking infrastructure or the in-depth analysis of 
the specification and performance of technology itself. So the teacher, not the tool, would be the 
decision maker, bringing their professional knowledge, judgement and experience to the decision 
making process.  
By examining the five categories from the PETTaL model (Power, Environment, Teacher, 
Technology, and Learners), it was decided that the primary focus of the PET should be to assist the 
teachers to analyse the usability aspects of the technology. Research in the field of usability has 
resulted in heuristics and principles that can be applied to analyse hardware and software and to 
identify confusing designs that can inhibit the use of the equipment. Usability is not addressed in 
pre- or in-service teacher education courses, so teachers are generally unfamiliar with these 
heuristics. However, the PET could scaffold the application of the usability principles from the 
literature.  
Usability is “the extent to which a product can be used by specified users to achieve 
specified goals with effectiveness, efficiency and satisfaction in a specified context of use " 
(Norman, 1988). A technology that is well designed from a usability perspective should decrease 
the time required by both the teacher and the student to learn its use, and this enables more focus to 
be placed on the teaching and learning of science, without the distractions of having to master the 
teaching and learning tool. Heuristics are a “rule of thumb” used by analysts to obtain the best 
solution, and these heuristics are a guide for usability experts when conducting evaluations of 
technology interfaces. However, the language and jargon can make them difficult for teachers to 
adopt and use without any formal training. 
The first version of the PET was a paper-based usability audit of 20 items, and these were 
based on the usability work of Jakob Nielsen and Donald Norman, as outlined in Chapter 2. For 
inclusion in the PET, the heuristics from the two sources were amalgamated, extracting the points 
most salient to analysing classroom technology, and these points were adapted into language more 
accessible by non-usability experts. Validity checks were needed to ensure that the adapted items 
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still addressed the original aspects of usability identified in Nielsen’s heuristics and Norman’s 
principles. The validity was checked by sending the items to usability experts who were asked to 
comment on the wording, and their understanding of the meanings, and any changes were made 
accordingly. Examples were also created to clarify what each item required. The PET asked 
teachers to rate each item using a Likert scale of 1 to 5, with 5 being very good and 1 very bad. The 
first version of the PET can be seen in Table 5.1 below. 
Table 5.1 
PET version 1 – a teacher guide to evaluating usability 
Category Question 
Visibility Can you tell how to start the device? 
e.g., Can you easily find the On /Off switch? 
 Can you easily find / see the buttons / links you need to use to do the task?  
Affordance Is it clear how you should use the controls? 
e.g., Press / push / pull / twist / single click / double click? 
Feedback Is the device doing something in response to your actions? 
e.g., a sound /message / a new screen or is it sitting there, apparently doing 
nothing? 
Error 
prevention 
During the task, does the device guide you to make the correct choices? 
Error 
correction 
If you make a mistake, does the device give you an error message which 
explains what you did and guides your next action to correct yourself? 
Consistency Does the device use consistent buttons / icons / colours for the same tasks? 
e.g., Or does it use different icons for print on different screens? 
User control Are you able to navigate to the screen to start / end the task you want easily? 
e.g., Are you able to exit from any task easily, or does the device force you 
through unnecessary screens? 
Recognition, 
not recall 
Were the steps to perform the task obvious, or are you required to memorise 
/ look up the process each time you do it? 
Aesthetic  & 
minimalist 
design 
Is the design of the screen easy to read? 
e.g., Is the font too small, or the screen too cluttered making the important 
areas difficult to identify? 
Visibility of 
system status 
During the task, can you tell which point along the path you are at? 
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A “laboratory test” was conducted in which twenty in-service science teachers were asked to 
evaluate the usability of their colleagues’ mobile phones. The participants were experienced 
teachers from different schools across Australia, who taught both junior and senior science across 
the subject areas. Mobile phones were chosen as the evaluation subject rather than science teaching 
technology, since all teachers were equally familiar with the purpose and relevance of this 
technology. Using genuine science teaching technology could have biased the trial since some 
teachers could have possessed a greater understanding of the use and application of the chosen 
technology due to its relevance to their field of teaching. All evaluators were asked to exchange 
phones and using an unfamiliar phone interface they were asked to spend a few minutes trying to 
perform some basic tasks, such as dialling a call and creating a text message (this trial was 
conducted before the emergence of smart phones). They then used the PET to rate the usability of 
the phone interface on a 1 to 5 scale, and the teachers calculated their total numerical result by 
summing the 1-5 ratings. The teachers were asked how well the PET’s numerical summary results 
accorded with their experience of using the unfamiliar phone, and the teachers reported that the 
results did agree with their judgements about the interface, and the numerical results were 
meaningful in summarising their experience of using the phones. Some language used in the audit 
was modified based on teacher feedback for greater clarity. 
5.1.4 Version 2 - amendments following the first trial and validation 
The usability items were validated from the previous trial. However, it was also clear from 
the session feedback (held directly after the trial) that the teachers wanted the PET to address more 
educational issues and applications of the technology in teaching and learning. Therefore, additional 
properties from the Technology category in the PETTaL model were added to the PET, as were 
properties from the Learner and Teacher categories, although they were rephrased and repositioned 
to be from the teacher’s perspective. For example, the property identified as Teacher Content 
Knowledge in the PETTaL model was worded in PET as, “ I currently have sufficient subject 
knowledge to teach this topic”.  
5.1.5 Creation of the weighting factor and numerical summaries 
When considering how to create a meaningful numerical summary of the technology 
evaluation, it was decided to design the PET to have a score (percentage) for each section and a 
cumulative final total, and to investigate the match between this and the instinctive evaluation of the 
teacher. To achieve a meaningful number, there needed to be a weighting factor that allowed a 
teacher to place greater emphasis on the areas that were pivotal in their decision-making; 
additionally the teacher would want to omit certain areas of the evaluation that were not relevant to 
their situation. For instance, the school internet connection might be unreliable, but that would not 
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need to feature in the analysis if the technology did not use the internet. The weighting factor would 
be a number that was multiplied by the teacher’s assigned rating for that item (1 to 5 scale), to give 
greater importance to that factor in the numerical summary. 
The value of the weighting factor was developed using trial and error. Different factors were 
chosen and the PET was run twice with the same responses, once with a weighting factor of 1 and 
once with the variable being tested. The effect of the weighting factor was observed on the total 
result. By testing, it was found that a weighting factor of 2 skewed the results too much towards the 
areas of personal importance, in which only the areas marked Very Important had any significance 
in the analysis, with the other areas becoming underrepresented. Using a smaller number such as 1.1 
made a negligible difference to the outcome, and the weighting factor was not noticeable. Therefore 
1.5 was chosen and trialled with three teachers in laboratory conditions (that is, it was a contrived 
situation in which they were given a technology to evaluate). To date, all the testing results have 
concurred with the choice of 1.5 as a weighting factor, but further testing is required to fully 
validate this weighting factor. 
The categories for the importance were as follows: Very important (weighting factor 1.5), 
Somewhat important (no weighting factor), Not relevant (weighting factor: multiplied by 0 and this 
factor was removed from the cumulative score) and Don’t know yet (again, weighting factor 0 and 
removed from the score). Although the “Not relevant” and “Don’t know yet” would have the same 
numerical outcome for the analysis, it was intended that the teacher should take note of the areas 
they assigned to the “Don’t know yet” category and return to the evaluation when that data was 
known. 
5.1.6 Version 3 – adding pedagogical aspects 
Having made the adjustments and improvements to the PET, another laboratory test was 
conducted of the PET, with six third year pre-service science teachers. The students were 
investigating the use of fuel cells in senior science classes as part of a tutorial activity. None of the 
students had seen this or any other fuel cell before. They were given the fuel cell with its 
instructions, and left to learn it. Towards the end of the lesson, the students were given an electronic 
copy of the PET on a laptop and asked to evaluate the fuel cell. The pre-service teachers were asked 
how well the results of the PET agreed with their experiences of learning how to use the fuel cell 
and considerations about how it could be used in senior science. They were also asked whether 
there were other areas of evaluation that should be included in the instrument. All of the pre-service 
teachers responded that they would like more help with the pedagogical aspects of using the 
technology, and identification of the types of learning it was engendering. For instance, the pre-
service teachers wanted the PET to include items: does the fuel cell allow or enable groupwork; 
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does it allow activities that develop students’ communication skills?  To decide on the next areas for 
the PET and the theories that might support this, the literature for the software evaluation tools of 
the 1980s was consulted to identify any areas significant in the evaluation of educational software 
(in case the grounded data for the PETTaL model was incomplete). The key contributors for items 
were Rawitch, MICROSIFT, Salvas and Thomas and OTA and an analysis of the categories 
proposed by them included: fit to the curriculum objectives and timetable, suitability for 
groupwork, checks for accuracy of content, suitability of content and level to the class, likely 
engagement of class (including diversity). All these categories existed in the PETTaL model, but 
the literature served to further validate the PETTaL model. The full items in the PET and their data 
source, can be seen in Appendix C (Summary of evaluation criteria from literature and data). In 
considering practical frameworks and theories that cover the issues raised by the pre-service 
teachers and are familiar to teachers, Bloom’s Revised Taxonomy for Learning (ISO, 1998) in the 
cognitive domain was identified as the basis for the analysis of the learning that the technology was 
enabling (e.g., rote recall of facts or developing new knowledge) and how this is happening (e.g., 
groupwork or individual performance). The application of Bloom’s Revised Taxonomy resulted in 
the following items for the PET: 
The technology supports knowledge recall. 
The technology helps the students develop their understanding of concepts. 
The technology encourages students to apply the knowledge learnt in new 
situations (knowledge application). 
The technology helps the students analyse. 
The technology helps the students to develop evaluation / critiquing skills. 
The technology enables the students to create knowledge. 
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5.2 The Predictive Evaluation Tool (PET)  
 
Figure 5.1. A screenshot showing part of the Predictive Evaluation Tool (PET) 
The full PET items can be seen in Appendix D. It was developed in an Excel spreadsheet to enable 
ease of calculations and therefore could be run on any computer or laptop, without the need for an 
internet connection. The PET comprised 10 main sections, under the four overarching headings of 
time, suitability, effectiveness and value. The time category analysed to the preparation, learning and 
set-up time a teacher would need to invest before they could use the equipment in class, and these 
were: set-up and maintenance (eight items), usability (five items), and teaching support materials 
(two items). Each section automatically calculated and gave the teacher a total percentage score, 
and there was a grand total representing the numerical outcome of the analysis. The suitability 
section investigated the suitability for intended students (seven items), suitability to the experience 
of the teacher (three items), and suitability to the classroom environment  (six items). In the 
effectiveness section there were 12 items covering pedagogy and student learning, three items 
assessing the match to the lesson objectives and the curriculum and eight items assessing the 
content, if the technology contained information, for example a web page, or a simulation or 
Teachers clicked 
here to set rating 
value 1 – 5 
Teachers clicked 
here to set the 
importance level  
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visualisation of the solar system. This section was to be omitted if the technology did not have any 
content information. The value section asked the teacher to assess the overall value for money, 
taking into account the potential frequency of use, cross-curricular sharing, unique learning 
opportunities that the technology might afford. 
To complete the PET, the teacher would first enter information about their technology, such 
as the make and model, then answer some open questions addressing the types of class (student 
characteristics) they intended the technology to be used with, the type of activity that might be 
conducted with the technology, the anticipated time frame, and the amount of guidance the 
particular student group would be likely to need. The teacher would then turn to the items and rate 
each statement on a 1-5 scale, and also apply the importance-weighting factor described in the 
previous section. The percentage score would be calculated automatically by the spreadsheet. The 
teacher could obtain Help if they were unclear about the meaning of a statement in this section by 
clicking on the blue item number on the left hand side. Following the items there were summative 
“open” style questions which focused the teachers’ thoughts on what the technology was doing 
(e.g., reading and recording data) and what its strengths were – did it allow a unique function that 
would not be possible without this technology. These are listed below: 
How many are you likely to need for a lesson (calculate unit cost, total cost)? 
What does this technology allow students to do, which can't (easily) be done without it? 
What competitors are there for this product? 
How else could the lesson objectives be achieved? 
What other uses/ activities for this technology are there? 
What other grades / subject areas could use the technology? 
 
The completion time for the teachers in the trial was less than an hour, though this time 
included a large amount of conversation and explanation as part of the “think aloud” procedure, so a 
teacher would be expected to complete in a reduced time frame if working privately. 
5.3 Value of PET 
The PET was then subjected to “field tests” with teachers to obtain data about its the value. 
They were asked whether the PET might be useful to them and how they might use it. They were 
also asked to comment on the accord between their intuitive evaluations and the numerical scores 
produced by the PET analysis.  
Nine practising senior science teachers were asked to use the PET to evaluate their choices 
in individual sessions. They had each recently acquired a new technology for use in their 
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classrooms. The participants were described in Table 4.1. The teachers were asked to use a “think 
aloud” protocol (see 3.1.4) as they used the PET on a laptop, and comment on the importance of the 
items, and the ease of use of the instrument. The data was thematically coded as described in 3.5.2. 
Any comments about the inclusion of further items were acted upon and incorporated for the 
following interview, as described in the iterative nature of the PET development. 
The teachers did not request major changes to the PET, although minor re-wording for 
clarification occurred based on their comments. Many teachers reported that the PET had prompted 
them to consider new areas, such as attractiveness of the technology to both genders (Teacher 5). 
The main uses of the PET as reported by the teachers were: as a tool for empowering teachers to 
identify appropriate technology for use in their classrooms and as a framework for communication 
between colleagues. Teacher 7 commented: “I think it helps to clarify a lot of the intuitive processes 
I go through”.  
Teachers’ views of the value of the PET provided important feedback. There was general 
consensus that the PET would be valuable for analysing the strengths and weaknesses of a 
technology and then using the results to communicate the technology’s value to colleagues, 
particularly when justifying expenditure to budget holders. Teacher 8 expressed how the PET would 
be useful when attempting to justify spending $500 or $600 on a single piece of equipment. “I 
would use it to justify to the purchaser” (Teacher 8). Teacher 7 spoke of how he would use the tool 
to structure an evaluation if one of his teachers asked for money to purchase equipment, when he 
might not be in a position to investigate it himself: “I haven’t necessarily got the time to sit down 
and play with it enough, or I might not have the expertise to appreciate it” (Teacher 7). He could 
then be sure that all salient points had been considered and it was a good technology to acquire for 
his department. “So I think it could be a really valuable tool” (Teacher 7). Teacher 5 expressed 
similar feelings: “I think you’d be more likely to get what you’ve asked for if you’ve been able to 
do this type of thing” (Teacher 5). “I think this would be valuable for that [going to the Principal 
and asking for funds]” (Teacher 4). Teacher 8 spoke about the difficulty of gaining approval from 
her Head of Department to purchase a more expensive item when a cheaper one existed: “She 
would say we could buy these two programs for the price of your one. Now if that one program was 
better than two programs together...” (Teacher 8). She felt the PET would be helpful to identify, 
showcase and communicate the value of the more expensive choice.   
These quotes reflect the teachers’ thoughts on how the PET helped them to align the 
technology with their teaching aims. “The most important criteria for the selection of the 
technology – it’s got to fit in well with the curriculum – the science I’m trying to teach” (Teacher 
1). “I thought the questions on the Bloom’s Taxonomy were very good because they get you to 
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think about the science objectives and the curriculum objectives. Sometimes we can grab a piece of 
technology and equipment because it’s a cool thing to do without really thinking about what is it 
that we’re trying to achieve” (Teacher 7). He spoke of how he would have liked evidence to fight 
the pressure from his school’s P&F committee who were insisting on the purchase of interactive 
whiteboards: “Something like this [the PET] could have been useful for us to say ‘It’s great BUT 
we have some concerns, perhaps we should do it this way’” (Teacher 7). “You might even find that 
after you’ve done this [PET] it [the proposed technology] may not be as good as you thought it 
would be” (Teacher 5). 
However, Teacher 4 did not believe the PET would be useful in the early stages of 
investigation of a new technology: “I think you start with the technology and then you learn how to 
use it and once you’ve got enough skills it then opens up for you what you might do. Once you’ve 
seen some applications for it then this [the PET] would be valuable to have here” (Teacher 4). 
Regarding the validation of the 1 to 5 scale and overall scoring system, teachers were asked 
at the end of every section of the PET they completed how well the numerical score accorded with 
their intuitive evaluation for that area, and in all cases the teachers stated that the numbers agreed 
with their intuitive summaries. “I think the scale is pretty good, and also the ability to classify 
things as being Very Important or not so important because sometimes it comes out I’m not very 
strong in that but then I don’t care about that so, I think that’s very useful” (Teacher 7). Teacher 7 
was highly enthusiastic about the use of the scoring system of the PET: “If we got something 85% 
or 90% we could say this is going to be good” (Teacher 7).  
5.4 Validation of PET – case study 
This case study follows Teacher 2 from the use of the PET before incorporating a new 
technology into his classroom, through to a classroom observation of one of his first lessons using 
the technology with students. Details of Teacher 2 and his classroom context can be seen in section 
4.2. 
5.4.1 Teacher PET results 
Teacher 2 used the PET to evaluate the Pasco dataloggers a few weeks before this lesson 
observation, which was to be his first use of this technology with a class. His score in the sections 
varied greatly: low scores of 43% for the suitability to the experience of the teacher, and 56% for 
the usability of the technology. However, he rated the datalogger with a high score of 87% for 
suitability to the lesson objectives and the curriculum, and suitability to the classroom environment 
and students was also high (95% and 97% respectively). He made the following comments as he 
performed the “think aloud” protocol while completing the PET: 
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“My knowledge isn’t sufficient for this.” “What I’m hoping to get from the PD [professional 
development session] in a couple of weeks is to start an actual lesson with the equipment – go 
through a prac all the way through from the start, getting actual data and packing it away as well. 
Going through the procedure of what someone else who is experienced would do – going through 
one lesson from start to finish to know what to look out for – some of those pitfalls.” “I’d like to 
know about the combinations of different probes and photogates and other things you can use it 
with but may not be in the manuals.” “That's certainly got me thinking, and I'll be asking the guy 
who comes around all those questions!” 
The following email was received from the teacher during the organisation of the lesson 
observation. This occurred a few weeks after the teacher’s completion of the PET: 
 Every Monday from 10.30 to 11.50am I am doing a round of pracs with my year 12s. One 
of these pracs is the linear air track and students will be using GLX dataloggers. The big 
problem is that I just don't have time to spend to set them up and basically I am not 100% 
sure myself how to use them (Teacher 2). 
5.4.2 Lesson observation 
The class observed was Teacher 2’s year 12 Physics practical 
session for a class of 20 students, comprising six females and 
fourteen males. The school was academically selective, and the 
students were high achievers in science. The whole lesson was 
observed, from 1030 to 1140. 
The students worked in groups of three or four to conduct a 
set of six experiments over six weeks on various physics topics 
(diffraction grating, ionising radiation, momentum and kinetic 
energy, specific heat capacity, the hydrogen spectrum and total 
internal reflection). The observed group comprised two male 
(Student A and Student B) and one female (Student C) students, and they 
were conducting the momentum and kinetic energy experiments using a Pasco air track and Pasco 
Xplorer GLX dataloggers (Figure 5.2. Pasco Xplorer GLX datalogger). The dataloggers had been 
recently acquired by the school. The experiment instructions were taken from a seemingly unaltered 
DataHarvest (a rival datalogger manufacturing company) educational materials package. The air 
track had been set up at the start of the six week rotation period and was left assembled in the 
annexe when not in use, so no issues with set up were observed. The dataloggers had a supply of 
fresh batteries, but received no additional attention before the students used them. All the equipment 
 
Figure 5.2. Pasco Xplorer 
GLX datalogger 
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to be used had their instruction manuals printed beside them for reference. None of the students had 
operated the dataloggers or used the air tracks previously, but all had studied the topic of 
momentum in theory classes the previous year. The following shows a timed account of the 
students’ endeavours. 
10.30 
(start of 
lesson) 
The students entered the annexe to locate the equipment, operating 
instructions and task sheets. The students worked co-operatively as a group to 
learn the operation of the air track and its pump and they were successful at 
achieving this within a few minutes. However, the dataloggers proved to be 
more problematic. The students tried looking through the available literature and 
immediately hit a terminology issue – the students were searching for 
information about “light-gates” (the terminology used by the Data Harvest 
company in their instructions) whilst Pasco refer to them as “phototgates”. The 
students were unsure which menu they were meant to use and which setting to 
record data with. Initially there was no signal being recorded at all – the students 
experimented by pressing various buttons. A student from another group entered 
the annexe for a chat – he had completed this practical in a previous session. He 
pressed a few buttons and obtained a reading, but the current students were 
unsure how he had achieved this, and they did not ask. Eventually they 
experimented with changing the probe inputs to the datalogger and using trial 
and error, they were successful in obtaining a signal reading. 
11.00 The students had achieved a velocity reading for the vehicles on the air 
track. They began reading the practical instruction sheet to see what the task 
involved. There was a group discussion about the best way of obtaining a 
constant velocity on the air track, since a push would result in acceleration. They 
decided to give the vehicle a very gentle nudge to begin its motion. 
11.05 The teacher entered the annexe (from his supervision of the other five 
groups in the main lab) and was asked how they should be using the equipment  
- they were still unhappy with the graph they were seeing, it did not meet with 
their expectations of the results. The teacher suggested that they change the set-
up of the experiment and use two dataloggers to record the velocity, rather than 
one. 
11.09 Student A felt he now knew how to use the datalogger and they started to 
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collect constant velocity data. 
11.20 The students increased the number of photogates to four, still concerned 
about the readings they were getting from the dataloggers . They were fully 
focused on the technology operation and the experimental setup and were not 
discussing the science topics of momentum and kinetic energy. The task sheet 
that outlined the variables they were to record and the calculations they should 
make was hardly consulted. 
11.22 The students were feeling more comfortable with the equipment set-up 
and felt they could start recording data. However, Student A was still unhappy 
with the graphs of the data collected as displayed on the datalogger and was 
questioning how the dataloggers calculated the velocity. He felt that the graphs 
looked incorrect compared to his mental model of what should be happening, 
but he did not communicate with the rest of the group to resolve this – he sat 
alone and pondered this, experimenting with the buttons on the datalogger. 
11.28 “It works!” The students were feeling more confident. Student B and 
Student C worked on one datalogger whilst Student A worked independently on 
the other datalogger, still pondering how the velocity calculation was achieved. 
The teacher visited, but the students seemed content with the practical at this 
point, and there was little exchange between them. 
11.35 The students were getting inconsistent readings on the datalogger – 
sometimes the velocity read 0.05m/s as they would expect it might – other times 
they would get very different readings for the same conditions. Student A began 
measuring and timing manually, so that he could calculate the velocity and then 
try to align the experimental setup to obtain similar readings from the 
datalogger. 
11.40 
(End of 
lesson) 
The students had not completed the practical task on the sheet – they had 
some constant velocity readings from the datalogger, so they were able to 
calculate the kinetic energy before and after the collision, which answered 
questions no. 1 – 3 on the first page.  
The researcher discussed the group’s level of progress with the teacher after the practical 
and the teacher reported he was satisfied, saying that since this was a small group, they were 
expected to complete a scaled back version of the whole task. The researcher asked the students 
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about how the practical session had aided their development of science concepts, and Student B 
replied: “This didn’t increase my understanding of momentum”. The researcher asked whether he 
felt it might be easier to get results on second use, when there was greater familiarity with the 
technology, to which the student responded: “I wouldn’t choose to use it again!” (Student B). 
5.4.3 Discussion of the observed lesson 
When the teacher conducted an evaluation of his new technology a few weeks before the 
above-observed session, the PET revealed a low score of 43% for the suitability of this instrument 
to the teacher’s knowledge and experience. However, he was compelled to use the datalogger by the 
work plan and the physics department’s team approach to ensuring all year 12 students received the 
same experiences regardless of which staff they were taught by. He also answered, “Don’t know” to 
the question “How adequate will your access be to the technology for preparation and teaching?” 
and this proved to be a pivotal issue. The Pasco datalogger obtained a low PET score for the 
usability of the technology (56%) and in the observed lesson the students spent a large amount of 
the lesson time trying to operate the equipment, which distracted them from thinking about the 
science principles. The PET also revealed a low score of 44% for the availability of teaching 
support materials – in the lesson the students used an exercise set from the manual of a rival 
datalogger company, and there was confusion based on the different terminology used by this 
company. A high score of 95% was obtained for suitability to classroom environment (network, 
room layout etc.) and this was correct – the school environment allowed the equipment to be 
installed and left intact for six weeks, and this enabled students to work on it with minimal wasted 
installation time. There were no issues with space for the long air track or any problems rearranging 
furniture to suit this. There were no network or computer problems. The score for suitability for 
intended students was 97%. The students were independent and conscientious workers, intent upon 
discovering solutions to problems themselves rather than seeking help. They demonstrated an 
understanding of the science principles: they felt their readings were not displaying the graph they 
would expect to see and worked to vary their experimental setup. Student A timed the movement of 
the car with his watch across a measured distance to calculate the velocity and obtain a “ball-park” 
figure for what they should be expecting.  Scientific investigation was happening within the group, 
albeit subconsciously – they had made predictions about their results, and when the equipment 
displayed results that conflicted with their expectation they investigated ways of improving the 
experiment. However, if the practical session was judged by the outcomes achieved relative to the 
set task, the students did not use the technology successfully to achieve the set results for the 
exercise. The PET revealed scores of 87% pedagogy and student learning and 74% for alignment 
with lesson objectives and the curriculum, that is, the datalogger would have been a good choice as 
a tool to develop the science in those aspects of the curriculum, if the issues of usability had been 
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addressed. Due to the observed distraction in this session from the science by the operation of the 
technology, and the comment from the student that he had not increased his understanding of 
momentum, it could be concluded that the student learning was less than expected. 
Therefore, the PET was successful in predicting the likely outcome of the use of Pasco 
Dataloggers with this particular teacher in this school environment with his students. It also 
highlighted potential issues such as access to the equipment and lack of teaching materials, which 
were proven to be problematic in the lesson. 
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6 Discussion and Conclusions 
6.1 Overview of the chapter 
This chapter presents a discussion of the key outcomes and findings of the study, draws 
conclusions and implications in relation to the research questions and identifies directions for future 
investigation. The PETTaL model is one of the main outcomes of this study and as explained in 
Section 4.7, it seeks to capture the salient factors associated with technology use in science teaching 
and learning. In this chapter, how this model incorporates and develops Mishra and Koehler’s 
(2006) TPACK model is discussed in detail in section 6.2, positioned in relation to existing relevant 
literature in this field. The PETTaL model, together with other literature relating to Human 
Computer Interaction (HCI) provided the basis for the development of a tool (PET) for teachers to 
assist in the process of selecting technology for use in school science teaching and learning. The 
PET is discussed in section 6.5. Two other main findings of this study are the technologies currently 
used by science teachers in some Queensland schools and how teachers actually choose the 
technologies they use. These two findings are discussed in sections 6.3 and 6.4 respectively. In 
section 6.6 the research questions are revisited and discussed in relation to the conclusions. The 
significance of the study is outlined in 6.7, and the limitations, implications and directions for future 
research are discussed in 6.8. Section 6.9 provides a summary of the study. 
6.2 The PETTaL – a theoretical model of technology use in classroom 
teaching and learning 
Analysis of interview data collected in this study identified factors that impact teachers’ use 
of technology in science classrooms, and they were categorised as: technology, teacher, learners, 
environment and power factors. As these were reported by interview respondents as interrelated, 
they were encapsulated into a model, initially envisioned as a “meatball and spaghetti” model that 
illustrated the interrelatedness of all factors. This was later simplified and related to the petals of a 
flower to emphasise the PETTaL acronym for the five categories of Power, Environment, 
Technology, Teacher and Learners (Chapter 4.7). This discussion considers how the PETTaL model 
contrasts with Mishra and Koehler’s TPACK model, and then looks at potential applications for 
PETTaL. 
  126 
6.2.1 A critical comparison of the PETTaL and TPACK models 
 
Figure 6.1. Situating the TPACK model within the PETTaL model. TPACK properties are shown 
in the Teacher category in yellow.  
There has been a growing popularity for using Mishra and Koehler’s (2009) TPACK model 
(as outlined in Chapter 2.2.2) as a framework for recent studies involving classroom technology 
use: a search of Google Scholar reveals 1690 results for TPACK between 2006 – 2013. TPACK 
proposed the knowledge a teacher required to integrate technology successfully into teaching and 
learning in the classroom, and Mishra and Kohler suggested that their framework would offer a 
coherent way of thinking about technology integration (Mishra & Koehler, 2006). The TPACK 
model was adopted and adapted in this study’s PETTaL model to label teacher knowledge where 
the grounded data indicated it, and summarises the PETTaL model showing how TPACK represents 
a subset of the Teacher category (yellow text in diagram – see Figure 6.1). However, there are 
several issues for concern with the TPACK model detailed in the literature (outlined in section 
2.2.2.1): notably the lack of specificity in the definition of the constructs in the TPACK model, and 
the omission of many relevant factors, such as the usability of the technology and the teacher’s 
attitude, beliefs and personal characteristics. The PETTaL model from this study extends Mishra 
and Koehler’s TPACK model (2006) in the following ways: it refines the definition of 
technological knowledge and introduces further factors that impact teachers’ use of technology to 
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include the affordances and usability of the technology, teacher characteristics and beliefs, learner 
issues, the environment, and power factors. 
The lack of specificity in the definition of the constructs of the TPACK model has 
potentially led to studies in which researchers are measuring (subtly) different things, and this has 
implications for the growth and further development of the model (Graham, 2011). Since the 
introduction of the TPACK model, studies have looked at measuring teachers’ TPACK (e.g., 
Jordan, 2011; Koh, Chai, & Tsai, 2010; Niess, 2011); the design of instruments that would allow 
this measurement (e.g., Sahin, 2011; Yurdakul, et al., 2012) and at how a teacher’s TPACK 
influences their technology integration decisions (e.g., Koh & Divaharan, 2011; Pamuk, 2012; 
Tondeur et al., 2012). The lack of precision in definition has resulted in researchers making 
personal interpretations of the constructs, resulting in studies that were potentially measuring 
different things. Thus it is difficult to make contributions to the development of the TPACK model 
and Self’s (1990 p. 119) warning of measuring an “isolated piece of the puzzle in … discreet 
research studies” can eventuate (Graham, 2011). The PETTaL model’s constructs are clearly 
defined, thus any further studies are able to contribute to its development. 
There is also a potential problem that the studies currently being conducted to measure 
TPACK are in fact not measuring TPACK, but its contributing constructs, such as technology 
knowledge (TK) and technological pedagogical knowledge (TPK) (see Figure 2.1: the TPACK 
model). Angeli and Valanides (2009) considered whether the constructs in the TPACK model were 
transformative or integrative, that is, did development in each of the separate constituent knowledge 
areas of TPACK (pedagogical knowledge, content knowledge and technology knowledge) result in 
the development of TPACK itself (integrative), or was TPACK a separate construct 
(transformative).  They pointed out it was problematic if TPACK was a separate construct to its 
constituents since many of the studies in the literature claiming to measure growth in TPACK were 
in fact measuring growth in the constituents (TK, PK, CK etc.,) and then concluding that the growth 
in the constituents resulted in a growth in TPACK. This suggests that there is a problem with 
TPACK as a theoretical model and that there is a need for further refinement and definition of 
TPACK before it can be used for investigation.  
Graham (2011) drew upon Whetten (1989) in his critique of TPACK, when considering 
what made a good theory. Whetten wrote about the competing criteria of comprehensiveness 
(coverage of all relevant factors of interest) and parsimony (simplification by including only factors 
that have the greatest value in understanding the phenomena): these must be balanced to create a 
robust theory. Graham (2011) concluded that the TPACK model, while possessing a high degree of 
parsimony, omitted many important factors, such as the teachers’ epistemic beliefs and values about 
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teaching and learning, and the affordances of the technology, and was therefore low in 
comprehensiveness. PETTaL is a more comprehensive model of technology use in the science 
classroom than TPACK, since TPACK considers only teacher knowledge while PETTaL includes a 
consideration of the teacher’s characteristics (confidence, interest and ability to learn new 
technologies, influence in the institution and their motivation for using the technology, as discussed 
next). The importance of these categories on technology use is explained in section 4.7, which was 
derived from grounded data. PETTaL aims to detail all the aspects of teaching with technology, 
such as the design and properties of the technology itself, the classroom environment, the power 
factors and so on. 
This study’s PETTaL model refines the TPACK definition of technology knowledge. It 
incorporates categories of teacher knowledge taken from the TPACK model if it was seen that they 
aligned with the concepts arising in the grounded data; however, the data suggested a refinement of 
the construct definitions and also revealed further areas of teacher knowledge not addressed by the 
TPACK framework. Mishra and Koehler’s model defines technology knowledge to be a teacher’s 
“knowledge about standard technologies, such as books, chalk and blackboard, and more advanced 
technologies, such as the Internet and digital video. This involves the skills required to operate 
particular technologies” (Mishra & Koehler, 2006). As a result of data collected in this study, it 
appears that technology knowledge is wider than Mishra and Koehler’s TPACK definition. PETTaL 
considers that current and potential knowledge are contained within the umbrella term of 
technology knowledge. Regarding the teacher’s potential knowledge of a product, the data showed 
that the teachers’ confidence and ability to learn technologies, and past experience with similar 
products were a factor in the acquisition of knowledge of a new product. For instance, whilst a 
teacher may not currently know how to operate a new model of datalogger (low technological 
knowledge in the TPACK definition), they might already possess a mental model for this based on 
experience with a previous version by the same company, or on knowledge of a similar product. “I 
looked at how those worked and immediately I knew what was possible then” (Teacher 1). The 
teacher would therefore understand its purpose and method of operation, and might even be able to 
recognise or guess the contents of the software menu options. They need only to map their existing 
knowledge to the new mode of operation. The potential technology knowledge is also influenced by 
a teacher’s confidence and ability to learn new technologies, knowledge of similar technologies, 
and a fascination for the technology. This was shown in responses by Teachers 3, 5 and 8, who 
expressed their joy at being able to play with new technology and learn its use. While these teachers 
did not currently possess technology knowledge, the effort taken to acquire this would not be great. 
They were happy to devote personal time for the acquisition of this knowledge since it is not seen as 
a chore, but as pleasurable activity: “When it’s a new toy you can take it home and play with it, you 
  129 
don’t mind doing it” (Teacher 5). Therefore potential technology knowledge should be a part of the 
consideration when evaluating the teacher’s (current) knowledge of the technology, and 
technological knowledge should incorporate the idea of the ability to learn about technology. 
Whilst the TPACK model considers only the teacher’s knowledge of the technology, 
PETTaL suggests there are two separate issues: (i) the technology’s innate properties and (ii) the 
teacher’s knowledge of the technology’s properties, and both will have an influence on the 
successful use of the technology in teaching and learning. The PETTaL model considers the 
teacher’s knowledge of the technology, as described above, but in addition, in the PETTaL 
Technology category, it considers the innate properties of the technology itself, such as its 
interaction design qualities, or the features that allow it to aid the teaching and learning of science. 
The design of the technology’s interface will influence its usability, and as has been shown in 
section 5.4, this affects its use in the classroom. The functionality of the technology could help the 
teaching and learning of science by being an aid to data gathering, data analysis, visualisation of 
results or concepts, research via access to the internet, communication and so on. Therefore a model 
of technology use in science teaching and learning needs to consider both of these aspects. 
Although Squires and Preece (1999a) suggested that usability heuristics should be adopted / 
adapted to evaluate educational technologies, no evaluation models were found that included 
usability as part of a holistic evaluation that included pedagogical uses: to date, the educational 
models and usability heuristics largely have remained separate. Therefore the PETTaL model adds 
the first holistic model for evaluating educational technology to the literature, by considering all the 
relevant factors when technology is used in classroom teaching and learning. 
 Another factor absent in Mishra and Koehler’s TPACK model is the teacher’s attitudes, 
beliefs and personal characteristics, and how these influence the likelihood of the teacher using and 
continuing to use a technology. Hew and Brush’s (2007) meta-analysis of the literature on the 
barriers and enablers to classroom technology integration concluded that the three most frequently 
cited barriers impacting technology integration were (a) resources (b) teachers’ knowledge and 
skills and (c) teachers’ attitudes and beliefs. Since 2007, many advances have been made to address 
the lack of resources, and teachers interviewed and surveyed in this study did not complain about 
this issue. However, teachers’ knowledge and skills and attitudes and beliefs continued to be 
important factors in sustained technology use, as described in section 6.2. Therefore, this study and 
the literature in section 2.3 have shown that teachers’ attitudes, beliefs and characteristics are very 
influential in technology integration, but these are not present in the TPACK model – TPACK 
considers only the teacher’s technological, pedagogical and content knowledge. 
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The main differences between the TPACK model and the PETTaL model are summarised in 
Table 6.1 below. 
Table 6.1 
Differences between the TPACK model and the PETTaL model 
 TPACK model PETTaL model 
 
Technology 
knowledge 
definition: 
 
“Knowledge about standard 
technologies, such as books, 
chalk and blackboard, and more 
advanced technologies, such as 
the Internet and digital video. 
This involves the skills required 
to operate particular 
technologies”. 
 
Teacher’s current and potential knowledge of the 
technology: the teacher’s ability to learn new 
technologies (based on confidence, interest, past 
experience with similar technology etc.).  
Technology TPACK considers only the 
teacher’s knowledge of the 
technology, not the innate 
properties of the technology 
itself. 
PETTaL considers the properties of the technology in 
addition to the teacher’s knowledge of this (defined 
above). The properties of the technology are: Usability, 
adaptability to class diversity, versatility, facility to aid 
the development of science concepts, facility to promote 
collaborative learning, facility to enable novel task or 
experience and facility to connect to the real world. 
Teacher: 
characteristics 
and beliefs 
Not present Teacher’s characteristics and beliefs: (confidence, 
interest and ability to learn new technologies, 
relationships with colleagues, influence in institution and 
motivation for using the technology). 
Power factors Not present Power factors (school management, parents, syllabus, 
access). 
Teaching and 
learning 
environment 
Not present Classroom environment: the technical environment (the 
computer hardware specifications, the network reliability 
and speed, homogeneity of versions of software / 
hardware), the room layout and storage considerations, 
and IT support. 
Learners’ 
characteristics 
Not present Learners (academic ability, diversity, motivation to learn 
and attention span, behaviour, initiative, treatment of 
equipment) 
 
 
6.2.2 Potential applications, Scope, and Summary of the PETTaL model 
Potential applications 
The PETTaL model has the potential to serve as a framework for the development of a 
teacher’s reflective practice (either self evaluation or critical evaluation of observed teaching 
practices). Additionally, PETTaL has the potential for aiding the formulation of a teacher’s personal 
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professional development plan. By overviewing some of the research into guiding principles for 
reflective practice, the potential of PETTaL for this purpose is elaborated below. 
Reflective practice is essential to a teacher’s development (Yost, Sentner, & Forlenza-
Bailey, 2000). In addition to self-evaluation, critical practice could be engendered by observing 
teaching practice (Hatton & Smith, 1995). In a lesson involving technology, the reflection might 
analyse whether or not its use was productive, for example in Van Manen’s (1977) three stage 
reflection process, stage one focused on analysing the effects of strategies used, whilst stage two 
involved reflection about the underlying assumptions in a classroom practice and the consequences 
of that on student learning. Although there are many reflective frameworks for the scrutiny of 
teaching and learning (e.g., Van Manen, 1977; Zeichner & Liston, 1987), there are very few theory 
based (self) evaluation models that specifically address the use of technology in a lesson. Methods 
used by the research community to date when evaluating lessons include teacher, self and peer 
evaluation of written lesson plans (Ozogul, Olina, & Sullivan, 2008); and the application of the 
SOLO taxonomy (Biggs & Tang, 2011) to analyse data from pre-service student teachers who had 
observed videos of exemplary technology use in classrooms, to determine their understandings 
(Lloyd & Mukherjee, 2013). 
The current interest in using TPACK as a research framework has produced many studies 
that seek to measure (student) teachers’ TPACK through self-evaluation instruments (e.g., Jordan, 
2011; Koh, et al., 2010; Niess, 2011) and increase TPACK (Jang, 2010). There is an implied 
assumption that by increasing teachers’ TPACK, the teaching quality and lesson outcomes will 
necessarily improve. However, arguably whilst the TPACK constructs are important constituents of 
a teachers’ knowledge, the outcomes of a lesson involving technology are affected by many 
additional factors beyond the TPACK scope, for example the classroom environment, the power 
factors of the syllabus the teacher must follow and the conditions and constraints set by the school 
management. Further, TPACK does not consider the usability of a technology, and this has been 
shown to affect the success or otherwise of a technology in a lesson. Mishra and Koehler (2006, p. 
1046) claim that TPACK is “an analytic lens to study changes in educators’ knowledge about 
successful teaching with technology”; however, due to the lack of the factors outlined above, it 
seems that TPACK would be an inadequate framework upon which to base critical reflection and 
lesson evaluation.  
PETTaL is a situated model of technology use in classroom teaching and learning and 
therefore considers factors external to the teacher, such as the school governance (power) the 
usability of the technology or the characteristics of the students. For example, a teacher might have 
a high knowledge of the technical operation of a tool but if the students find it unintuitive the 
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teacher is distracted from the science principles and spends the focus of the lesson troubleshooting. 
A teacher might have high TPACK – that is, knowledge of how to use mobile phones effectively in 
a science lesson - but they might be inhibited by the school’s policy to ban the use of student 
phones during class time (PETTaL: power factor).  A teacher might have excellent technological 
skills in the operation of an interactive whiteboard but the positioning of this board in the classroom 
means there is a terrible glare or reflection from the sun on this and the students are not able to see 
it. Alternatively the board might be positioned at a height that is unreachable by young students 
asked to manipulate objects on it, or access might be obscured by furniture (PETTaL: environment 
factors). The potential of the PETTaL model is that it could be applied to identify myriad factors in 
a lesson observation associated with technology use. Of course, observations would also need to be 
supported by additional background information obtained from teacher interview or the acquisition 
of artefacts such as school policies, in order to probe deeper factors that may be impacting use of 
technology in teaching and learning. The PETTaL model derived in this study framed the 
development of a practical aid for teachers when considering new technology – a predictive 
evaluation tool (PET), as detailed in Chapter 5. It is proposed that PETTaL could similarly be used 
as a framework for lesson observation and the identification of potential professional development 
for teachers, by scaffolding the areas for evaluation and consideration. If used as an observation tool 
for lesson evaluation, the observer would need to consolidate the data from the lesson observation 
with student work, lesson plans, and interviews with the teacher to determine motivations and 
intents that were not apparent from an observation of the actions and events in the classroom alone. 
It is proposed that the framework would be best suited to teacher self-evaluation to aid a teacher to 
identify and evaluate their situated practice, possibly resulting in the formulation of the teachers’ 
plans for future professional development. 
The Scope of the PETTaL model 
Dubin (1978) states that a theoretical model begins with “units whose interactions constitute 
the subject matter of attention”. The model should then specify the manner in which these units 
interact with each other, that is, the Laws of Interaction. The model relates to a specific context and 
therefore the boundaries of the model must be stated, and there will be system states in which each 
of the units interact differently with one another, so these must be outlined. The PETTaL model in 
this study has been developed to show the categories and properties and the way in which the 
properties interact in a classroom situation of technology use in teaching and learning. The 
boundaries in this study are: the context of a western culture, first world Australian science 
classroom, with access to contemporary technologies, such as the internet. Since the emphasis on 
investigation and working scientifically is significant in the Australian, UK (as outlined in Chapter 
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2.2), and many other school science syllabi worldwide, it is proposed that the PETTaL model could 
apply in these educational systems and any other based on the UK or Australian models of science 
teaching. The PETTaL model was derived from a study of science teaching and learning, however, 
since many of the factors are relevant when using technology in any lesson across the school 
curriculum, it is proposed that it could be extended to cover the use of technology in any school 
subject.  
6.2.3 Application of the PETTaL model 
The PETTaL model errs on the side of completeness rather than parsimony – it is proposed 
that the PETTaL model is comprehensive, and captures the salient factors involves with using 
technology in classroom teaching and learning, but this can make it difficult to apply. The 
complexity of the model was illustrated in the “meatball and spaghetti” concept (section 4.7.1) and 
its simplified analysis was shown in the pair analysis section (section 4.7.2). For example, when 
considering the characteristics of the learner and how they affect the use of technology in teaching 
and learning science: the characteristics of the learners such as motivation to learn would allow a 
technology with low usability to be successful, since the learners are likely to show perseverance 
(can be considered using pair analysis (section 4.7.2: Technology: ease of use and Learners: 
motivation to learn). Regarding the behaviour of the students, classes exhibiting disruptive 
behaviour could only be given more robust equipment (pair analysis: Learners: behaviour (low) and 
Technology: robustness (high)). The learners were treated as a class, that is, as a collective, rather 
than as individuals, and therefore the diversity in the class was an important factor: a more 
homogenous class would in all likelihood, respond in a similar way to a particular technology, but 
in classes containing great diversity, the technology would require properties of customisation to 
adapt to the needs of the different members Learners: diversity (high) and Technology: versatility 
(i.e., ability to customise) (high). Another example is the pair analysis of Teacher: Relationship with 
colleagues and Teacher: Technological Knowledge. As could be seen, a teacher with low 
technological knowledge could be successful in the classroom if they had high support from their 
colleagues. Therefore, although the use of technology in science teaching and learning is complex 
and “messy” with all properties of the PETTaL categories potentially able to interact with all others 
depending on the circumstances (the meatball and spaghetti model), the most important factors can 
be identified and examined using pair analysis, to provide meaningful results and interpretations. 
The PET, described in the next section is derived from the PETTaL model and applies the concepts 
of PETTaL to scaffold a teacher’s evaluation of a technology before its use in the classroom. 
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6.3 Technologies currently used regularly in the science classroom 
This study found that despite syllabus recommendations to embrace and to incorporate 
technology in science teaching and learning, many classrooms of the respondents continue to 
resemble those of 50 years ago in their appearance and function. Approximately one third of the 
teachers surveyed were not using any technology in their science teaching. Where technology is 
used, the survey revealed that web pages are the dominant technology (67%), followed by probes 
and sensors (60%), data loggers (55%), simulation software (39%), and graphing calculators (35%).  
 Interestingly, the survey respondents (n=75) were mostly secondary science teachers 
attending the Science Teachers Association Queensland (STAQ) annual conference. The annual 
STAQ conference attracts teachers from many schools across the state, including from the private 
(survey respondents from 13 private schools), Catholic (5 schools) and state (20 schools) sectors. 
Attendees of such a weekend education conference are likely to be teachers with a particular 
interest in developing and improving their science teaching, making the low reported use of 
technology in classrooms quite startling. Apart from the conference attendees, survey respondents 
included four primary teachers (one school) and 20 secondary teachers from two schools in the 
metropolitan area.  
Despite the probability that the survey respondents could predominantly be innovative 
science teachers, the data revealed a disconnect between the literature for technology use in science 
lessons and actual classroom practice. Following Tytler’s (2007) report,  which called for a re-
imagining of science to engage Australian students in senior science, and the introduction of the 
Australian Curriculum, advances have been made to encourage students to undertake scientific 
investigation based on observations from real-life and to make connections to their everyday world. 
Innovative practices using, for example, programmable bricks (Resnick, et al., 1996) described 
projects in which the students created science and technology experiments resulting from a curiosity 
of their environments. Projects included active environments (making a device to turn on the light 
switch when someone entered a room) and autonomous creatures (robotic animals who try to live 
and behave as real animals). Survey results from this study did not show such exciting uses of 
technology in this way. Further, interview data revealed fairly prosaic uses, for example, interactive 
webpages were used for dissemination of content, and dataloggers were used in “recipe” type 
science experiments, in which students followed a teacher-given, prescribed method or “recipe” to 
collect data: students were not designing experiments inspired by observation from their world. This 
survey finding was echoed in the interview data: “…  looked at science in all these schools and they 
didn’t see one example of kids designing their own experiments. They were recipe type 
experiments” (Teacher 1). Robotics use was mainly found in primary and lower secondary schools 
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and, in many cases, was run as an after-school club, or used as extension for “gifted and talented” 
children. In general, the activities in robotics were not inclusive of all students and were not linked 
to the curriculum or to the applications of robotics in the students’ lives. The survey from this study 
(Figure 4.3) revealed that although robotics kits were available in primary and secondary schools, of 
the 33 teachers who responded about robotics, 10 were regular users, eight had used it once or twice 
but 15 had never managed to use robotics in the classroom, despite having learnt about the 
technology. Figure 4.4 showed that teachers reported that initial setup and troubleshooting that 
distracted from learning were detrimental factors to using LEGO Robotics in the classroom. 
Additionally, it was also found that several technologies were investigated for use, that is, acquired 
and learnt, but never introduced into the classroom. Geographic Information Systems (GIS), 
robotics, the digital microscope, the spectrometer and graphing calculator showed large proportions 
of teachers failing to convert their initial investigations into classroom practice. There is a clear 
need for research that helps teachers to structure the evaluation of new technology, so that they can 
identify equipment that fits their teaching goals and their students’ characteristics, and avoid 
pursuing technologies that are not successfully adopted into their teaching. The current research 
literature is not depicting the true story of technology use in science classrooms, with many “real 
life” classrooms limiting themselves to the use of textbooks and web pages for content 
dissemination rather than adopting the more inquiry led, authentic experimental, constructivist 
approach that the use of technology can facilitate. Teacher 1 used constructionism ideas in his task 
asking students to create a stop motion film with plasticine models to consider the movements and 
feeding habits of animals: “they really loved it! They were thinking about the behaviours of 
animals” (Teacher 1). In general, however, there was no evidence of Resnick et al’s (1996) ideas of 
developing computational thinking in middle school students by allowing them to investigate 
everyday phenomena. Thus teachers who were using technology in their science classrooms were 
not using it in exciting, innovative ways. Clearly, research ideas are not filtering into regular 
classroom practice. This study provides evidence of actual technology use in everyday classrooms 
(away from research projects) where no previous reports of this kind have been found in the 
literature. The PET, derived and trialled in this study, shows much promise for this exact purpose.  
6.4 How teachers currently choose technology 
This study revealed that many teachers have unstructured and almost haphazard approaches 
to choosing new technology. This can result in technology that is not used in the classroom (see 
section 4.1.1) or technology that is problematic when used by students and teachers, that is, it 
interferes with rather than enhances the learning and its use is therefore discontinued. This study has 
classified teachers as primarily either relationship-centric or technology-centric evaluators. Thus, 
  136 
money and the cost of technology was only a minimally influential factor in the decision to choose 
a particular technology – teachers were resourceful in acquiring money from various sources, 
including parents and government grants. Power factors as identified in the PETTaL model, such as 
P&F groups or school management could be influential in the decision. “The pressure came from 
the parents saying we want interactive whiteboards in the classroom, here’s the money from the 
P&F, go and get some!” (Teacher 7). This “Power” factor (labelled in this study) was more 
influential for the acquisition of interactive whiteboards than the judgement of the classroom 
teacher, who remained unconvinced of the pedagogical advantage of their implementation: “But in 
terms of what you can actually do which helps students to learn, that’s not as obvious” (Teacher 7). 
These findings are based on interview data from nine secondary science teachers who had 
recently chosen a new technology for use in their classrooms. The teachers comprised four highly 
experienced, one mid-career, three early career and one novice teacher, and they taught physics, 
chemistry and biology in the state (six teachers), private (two teachers) and Catholic (one teacher) 
sectors. They had acquired both hardware (five teachers) and software (four teachers) technologies. 
The data was analysed as described in sections 3.1.3 and 4.2. 
 Further analysis of how teachers choose technologies reveals that teachers can be classified 
as either relationship-centric or technology-centric evaluators. In this study, Relationship-centric 
evaluators were categorised as those who appeared to trust a relationship with a person or an 
institution. For example, Teacher 4 trusted the recommendations of colleagues when deciding 
which GPS to purchase, and Teacher 9 was influenced by loyalty to a manufacturer based on 
previous successful experiences – he chose a Pasco rollercoaster (for teaching energy conservation) 
because of his satisfaction with Pasco dataloggers. In contrast, technology-centric evaluators were 
those teachers who personally conducted a systematic evaluation of competing products, judging 
the technical specifications and performance of each against the other. Teacher 3 performed such an 
analysis when deciding between competing brands of tablet manufacturers: “we trialled six different 
brands and different models” (Teacher 3). The analysis was primarily focused on the performance 
Techno-centric Relationship-centric 
Figure 6.2 Possible continuum of technology selecting behaviour 
  137 
of the hardware: “So the Toshiba [tablet] was way faster” (Teacher 3). From this analysis, there 
were four relationship-centric evaluators and four technology-centric evaluators (Teacher 6 was a 
novice and not involved in technology selection). The split between relationship-centric evaluators 
and technology-centric evaluators was independent of the teachers’ experience in science teaching 
(two relationship-centric choosers were Heads of Department), and independent of gender. It is 
possible that techno-centric and relationship-centric are at two extremes of a continuum, and teacher 
evaluators could be at any position on the continuum, as shown in Figure 6.2, however, all but one 
of the participants in this study were strongly located at either the techno-centric or the relationship-
centric ends of the scale. Teachers 3 (male), 7 (male) and 8 (female) were strongly techno-centric 
selectors, and made their choices following an investigation of the products: “overall, the Toshiba 
won out on specification” (Teacher 3), “when I’m evaluating generally I look for things that are 
quick to set up, easy to navigate” (Teacher 8). Teacher 1 (male) was primarily techno-centric and 
conducted evaluations of technology, but showed some secondary relationship–centric 
considerations: he felt more confident about to choosing a particular software due to his association 
with the software developer: “he’s keeping in touch with us and we can tell him if we have any 
problems or if it doesn’t do this and we’d like it to do this then he’ll look at it” (Teacher 1). 
Teachers 2 (male), 4 (female), 5 (female), and 9 (male) were strongly relationship-centric selectors, 
with Teacher 2 relying on equipment suppliers “sales people often have it set up when you come 
into the room and it looks fantastic” (Teacher 2), Teacher 4 on the recommendation of colleagues: 
“Recommendation from somebody you knew was important” (Teacher 4), Teacher 5 on the advice 
of equipment suppliers “we bought it in consultation with the supplier - he told us all the things we 
needed” (Teacher 5). Teacher 9 chose based on brand loyalty to Pasco products: “I had used Pasco 
things before and was happy with it” (Teacher 9). Teacher 6 was a novice and not required to select 
technology – but her comments reflected a deep consideration of the suitability of the technology 
and the associated task and assessment to her particular students.  
6.4.1 Other factors in choosing technology 
It was interesting to note that money was not the determining factor in any of the 
interviewed teachers’ decisions for technology purchase, though pressure from school Parents and 
Friends (P&F) committees and school policies were influential factors. From the comments of the 
teachers in private schools, it appeared that they were well funded and their school management 
was willing to purchase new technology: “whoever’s putting up the money has to be prepared to put 
up the money not knowing whether there’s going to be anything coming out of it or not” (Teacher 
4). “I want you [school management] to give me two or three thousand dollars to go out and buy 
this equipment but that’s after you’ve given me a couple of hundred dollars to have a play around 
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with it” (Teacher 4).  Additionally, parents could be asked to contribute towards the cost, for 
example, in the case of the private school introducing tablet PCs, the parents were expected to 
purchase the PC for their child: “if we go to a One to One program we will pay normal price for the 
entire project because those costs then get rolled to the students” (Teacher 3). Perhaps more 
surprisingly, money was not stated to be the limiting factor for technology use in state schools 
either, even for those schools with students from low socio-economic status backgrounds. Two of 
the state schools in the study asked the parents to provide funding for a laptop “they all have their 
own tablet pcs” (Teacher 2), though in both of these schools, the laptop program was selective, and 
parents agreed to the purchase condition as part of the selection procedure: “Entry to the laptop 
program is chosen by the parents. They have to purchase the laptops and pay a maintenance fee 
every year” (Teacher 8). In the case of state schools that did not ask parents to contribute towards 
the cost of technology acquisitions, the departments received an annual allowance and the 
curriculum areas would take turns to utilise this. Sometimes the equipment purchased would 
consume several years’ accumulated funds: "It was Physics' turn - they hadn't had any money for a 
long while. Chemistry had monopolised the science budget over the past couple of years with their 
wine making kit” (Teacher 9). Teacher 5, who worked in a state school in a low socio-economic 
catchment, was proactive in winning grants aimed at enabling innovative practice with technology, 
and was aware of government money targeted at raising academic standards in low socio-economic 
areas. A team approach to evaluation and selection of new technologies in an institution was 
suggested in section 1.2.4, and the interview data revealed that several colleagues would typically 
be involved in the process, possibly across the curricular disciplines and management structures in 
the institution “we’re going to use [heart rate monitors] in science, but [they] will also be able to be 
used by the PE department and be used by co-curricular sports” (Teacher 7). However, there was a 
primary “champion” of the product, who identified it and then convinced the rest of the team of its 
worth: “if the purchaser hasn’t trialled it – they don’t know what’s been considered” (Teacher 8).  
In summary, this study revealed how teachers are currently choosing technology for their 
science classrooms – either by focusing on the technology or on a trusted relationship. Money does 
not appear to be a limiting factor, but there are “Power” considerations, for example, from school 
Parents and Friends Committees, that can have disproportionate influence. The decision to purchase 
is frequently a team one, although the identification and evaluation is usually conducted by one 
teacher. They then champion its case to the other team members (teachers in other curriculum areas 
or in school management). Currently, no literature has been identified that addresses the influential 
factors in teachers’ decision making when choosing classroom technology. However it is important 
to understand these factors if research is to investigate and discover the processes and factors that 
result in successful choices.  
  139 
The Predictive Evaluation Tool (PET) derived in this study can help both relationship-
centric and techno-centric technology choosers by providing a complete framework through which 
to evaluate a potential technology. Relationship-centric evaluators can be guided through a 
consideration of the technical aspects of the tool, and also whether the tool recommended by a 
colleague will suit their teaching environment, background knowledge and students. Techno-centric 
evaluators can also be guided by the PET to consider their potential knowledge development 
requirements, identify potential upgrades necessary to the school infrastructure (for example, the 
internet access), and consider the suitability of the technology to the characteristics and learning 
needs of their students. 
These findings highlight the need for the PET. It is essential to give teachers the help they 
require to make technology choices that can result in productive student learning and therefore have 
sustained use in the classroom over time. 
6.5 The PET - A tool for choosing technology 
In this study, a Predictive Evaluation Tool (PET) was derived from the PETTaL model and 
trialled by teachers. The PET was intended to be an operationalized version of the theoretical 
PETTaL model, to scaffold a teacher through the consideration of particular aspects of learning and 
using the technology in their classroom, by providing them with a series of questions or statements. 
It was intended that the Predictive Evaluation Tool would assist teachers in performing classroom 
technology evaluation and to aid identification of potentially problematic areas inherent with the 
technology in translating to classroom use. The PET was not intended to be a prescriptive “how to” 
procedure for this task, neither was it intended to replace the teacher as the decision maker. The 
development of the PET was through iterative cycles of testing with various technologies and 
feedback from teachers. 
The participants interviewed in its creation were secondary science teachers, mostly those 
who were experienced in the use of technology in science teaching, so that these experts could 
reveal knowledge that would be incorporated into the tool. Polyani (1969) described tacit 
knowledge: “knowledge whose origins and essential epistemic contents were simply not part of 
ones own consciousness” (Polanyi, 1969, p. 211). The expert users of technology in this study could 
perform instinctive evaluations of technology based on their experience, noticing minor and 
nuanced cues of using the technology in a classroom that they would not be able to easily verbalise. 
It is hoped that the PET can scaffold novice teachers through a consideration of the factors that 
could lead to success or otherwise when evaluating a new technology, making the tacit knowledge 
of an expert teacher explicit to novices. 
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No tools for evaluation of classroom technology were found in the contemporary literature, 
though the software evaluation books, literature and tools from the 1980s and 1990s were still 
relevant. This study identified and explained a clear need for tools that can guide teachers and the 
PET is a practical tool that can scaffold a consideration of the all the areas identified in the PETTaL 
model in an accessible manner.   
6.5.1 Validity of the PET 
The PET’s development was informed by nine secondary school science teachers who had 
recently acquired new technology for use in their classrooms. The participants comprised four 
highly experienced, one mid career, three early career and one novice teacher, and collectively they 
specialised in all of the sciences (physics, chemistry, and biology).  Due to the cyclical nature of the 
PET’s development, teachers’ comments and suggestions for improvement were incorporated at 
each iteration.  These teachers applied the PET to hardware technologies (datalogger, global 
positioning system, gel electrophoresis) and software (one animation and two simulations) and it 
was found to evaluate these equally successfully. There were no differences when using the PET in 
the different subject areas of physics, chemistry or biology.  
The design of the PET allowed potentially redundant sections to be omitted. For instance, 
hardware such as dataloggers do not contain information, so the section of the PET for evaluating 
the quality of information would be omitted. All nine teachers stated the results of the PET agreed 
with their instinctive evaluations of the technology and they believed it would be valuable for 
communicating the results of a technology evaluation between colleagues. The final version of the 
PET was regarded as extremely valuable by the teachers. They reported that they found all 
categories valuable, and did not request additional areas for inclusion, although minor re-wording 
for clarification occurred based on their comments. There was general consensus that the PET had 
prompted them to consider new areas, such as attractiveness of the technology to both genders 
(Teacher 5).  They also stated that they thought the PET helped them to align the technology with 
their teaching aims. “The most important criteria for the selection of the technology – it’s got to fit 
in well with the curriculum – the science I’m trying to teach” (Teacher 1). “I thought the questions 
on the Bloom’s Taxonomy were very good because they get you to think about the science 
objectives and the curriculum objectives. Sometimes we can grab a piece of technology and 
equipment because it’s a cool thing to do without really thinking about what is it that we’re trying to 
achieve” (Teacher 7). He spoke of how he would have liked evidence to fight the pressure from his 
school’s P&F committee who were insisting on the purchase of interactive whiteboards: 
“Something like this [the PET] could have been useful for us to say ‘It’s great BUT we have some 
concerns, perhaps we should do it this way’” (Teacher 7). “You might even find that after you’ve 
  141 
done this [PET] it [the proposed technology] may not be as good as you thought it would be” 
(Teacher 5). 
Categories for evaluation of a technology included in the PET were informed by data 
encapsulated on the PETTaL model, as well as literature relating to software evaluation tools. 
Categories from the literature included such things as fit to the curriculum objectives and timetable, 
suitability for groupwork, checks for accuracy of content, suitability of content and level to the 
class, likely engagement of class (including diversity), The final version of the PET included 
checklist style items as recommended in the literature in section 2.5.2 but the value of open 
questions, as suggested by Squires and McDougall (1994) was not neglected: the PET allowed the 
teacher to write descriptive qualitative comments as well. The teachers reported that the five-point 
scale and the resulting final score actually aligned with their intuitive scoring of the technology. “I 
think the scale is pretty good, and also the ability to classify things as being Very Important or not 
so important because sometimes it comes out I’m not very strong in that but then I don’t care about 
that so, I think that’s very useful” (Teacher 7). Teacher 7 was highly enthusiastic about the use of 
the scoring system of the PET: “If we got something 85% or 90% we could say this is going to be 
good” (Teacher 7). The PET was also used in one case study in which the teacher completed the 
evaluation and was observed teaching the lesson with the new technology a few weeks later. The 
issues identified by the PET were observed to take effect in the lesson.  
An overwhelming sentiment from teachers who trialled the PET was in relation to its 
capacity to inform decision-making about the purchasing of a technology, particularly for justifying 
expenditure to budget holders. Teacher 8 expressed how the PET would be useful when attempting 
to justify spending $500 or $600 on a single piece of equipment. “I would use it to justify to the 
purchaser” (Teacher 8). Teacher 7 spoke of how he would use the tool to structure an evaluation if 
one of his teachers asked for money to purchase equipment, when he might not be in a position to 
investigate it himself: “I haven’t necessarily got the time to sit down and play with it enough, or I 
might not have the expertise to appreciate it” (Teacher 7). He could then be sure that all salient 
points had been considered and it was a good technology to acquire for his department. “So I think 
it could be a really valuable tool” (Teacher 7). Teacher 5 expressed similar feelings: “I think you’d 
be more likely to get what you’ve asked for if you’ve been able to do this type of thing” (Teacher 
5). “I think this would be valuable for that [going to the Principal and asking for funds]” (Teacher 
4). Teacher 8 spoke about the difficulty of gaining approval from her Head of Department to 
purchase a more expensive item when a cheaper one existed: “She would say we could buy these 
two programs for the price of your one. Now if that one program was better than two programs 
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together...” (Teacher 8). She felt the PET would be helpful to identify, showcase and communicate 
the value of the more expensive choice.  
6.5.2  Potential applications and uses of the PET 
The main uses of the PET as reported by the teachers were: as a tool for empowering 
teachers to identify appropriate technology for use in their classrooms and as a framework for 
communication between colleagues, as described above. Teacher 7 commented: “I think it helps to 
clarify a lot of the intuitive processes I go through”. Although the PET was designed to be a 
diagnostic tool to aid (novice) teachers when evaluating a technology for the classroom, it 
additionally has potential applications as a tool for developing the professional learning of teachers, 
and also as a research tool. As teachers performed the think aloud protocol when completing the 
PET, they commented that it had introduced areas for deliberation that they had not previously 
considered, for example whether a technology would appeal to both genders “I’d never thought 
about gender, it didn’t dawn on me to think about that” (Teacher 5). The PET has potential to 
develop the professional learning of teachers in the area of technology use in classroom science 
teaching and learning, that is to develop their skills in considering the capabilities and affordances 
of a technology; what is unique or different about it and how this aids the learning of science and 
their lesson objectives. 
The PET adds to the research on educational technology evaluation that has been silent since 
the 1990s, despite the ever-increasing range of technologies available for use in the classroom and 
the pressure from curriculum authorities on teachers to use more technology in teaching and 
learning. The PET could be of use to educational policy makers when considering large-scale 
national technology initiatives, for example, the Australian Digital Education Revolution. 
A summary of the discussion points frames answers to the research questions, and these are 
addressed in turn below. 
6.6 Conclusions 
6.6.1 Research question 1 
Research question 1 asked “What technologies are used regularly in science teaching and 
learning, and how are new technologies chosen?” It was found that the uptake of technology by 
science teachers in Queensland is patchy and modest. Survey instrument data were used to answer 
the first part of this question, and it was found that web pages were the technology that the greatest 
number of teachers reported using in science lessons (67%). In the sample of 75 teachers who 
completed the survey, approximately one third of them were not using any technology in their 
  143 
science teaching. It was also found that some technologies were investigated for use, that is, 
acquired and learnt, but never introduced into the classroom. Reports of Geographic Information 
Systems (GIS), robotics, the digital microscope, the spectrometer and graphing calculator use 
showed large proportions of teachers failing to convert their initial investigations into classroom 
practice. Teachers reported usability difficulties for these items in the survey and interview data. 
They stated that the equipment was difficult to learn for the teacher and difficult for the students to 
operate in the lesson. As was seen in the case study, this can result in a distraction from the science 
learning as the lesson time is devoted to mastering the operation of the technology. 
It was found that most teachers were focusing on one area of technology evaluation at the 
expense of the other: it was discovered that teachers were predominantly techno-centric or 
relationship-centric evaluators, that is, they were focusing on evaluating the specifications and 
performance of the equipment (techno-centric) or if relationship-centric, they were basing their 
choices on the trust in a colleague’s or supplier’s recommendation, or on past experiences with a 
brand. Interview data from teachers who had recently selected new technology was used to answer 
the second part of the question. The team approach to evaluation and selection of new technologies 
in an institution was suggested in section 1.2.4, and the interview data revealed that several 
colleagues would typically be involved in the process, possibly across the curricular disciplines and 
management structures in the institution. 
Research question 1 revealed the current state of technology use in science classrooms and it 
showed a clear need for research to provide more theories and models that can guide the choice and 
use of technology in school science teaching and learning. Most current teaching practitioners have 
not received any guidance in how to choose technology that will benefit teaching and learning and 
the results from this study highlighted the mistakes that can be made – these are costly in terms of 
time and money, but perhaps more importantly, in terms of lost confidence in the benefits of 
incorporating technology into teaching and learning and possibly a return to more didactic, book 
based pedagogies. 
6.6.2 Research question 2 
The second research question was: “What factors are perceived to contribute to the 
educationally productive and sustainable use of technology in science teaching and learning?” This 
question was answered from grounded interview data, and was encapsulated in the PETTaL model 
developed in this study. PETTaL is an overarching model that incorporated usability theory from 
the Human Computer Interaction literature, and education theory and models such as Mishra and 
Koehler’s (2006) TPACK model, where the grounded data indicated these issues. The PETTaL 
model outlined the properties in the Power (school management, syllabus etc.), Environment 
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(classroom / learning setting), Teacher (personal characteristics, experience, epistemology), 
Technology (usability, versatility etc.) and Learners (academic ability, diversity, behaviour etc.) 
categories.  
The PETTaL model implied that there were more factors that were highly influential to the 
success of a lesson teaching and learning with technology than existing theoretical models covered. 
Currently, Mishra and Koehler’s TPACK model is predominant and has been adopted by many 
studies looking measuring an in-service and pre-service teachers’ TPACK and at how teachers’ 
TPACK affects their technology integration decisions. The authors intended the model to be one of 
teacher knowledge that could inform the conversation on technology integration. The software audit 
tools of the eighties were found to have relevance today, with some redundant considerations 
mostly pertaining to the hardware of the time. However, it remains that no theoretical models were 
found that capture the factors at play in a teaching and learning episode involving technology. The 
PETTaL model is the only one that aims to capture all the factors. It could therefore be used to 
guide evaluation of technology use in a particular science teaching and learning context or to 
scaffold the evaluation of a science lesson involving technology, by an observer or by the teacher 
themselves. 
6.6.3 Research question 3 
The third research question was: “To what extent can a predictive evaluation tool (PET) be 
used by teachers to evaluate new technologies for the teaching and learning of science?” The PET 
will be useful to teachers to help them consider or not to pursue a particular new technology for 
their classrooms. Many teachers commented on the new areas for consideration that the PET 
introduced to them, such as the appeal of the technology to both genders, and therefore the tool was 
also a mechanism for developing teachers’ evaluation skills, and possibly a diagnostic for 
professional learning needs. In the trials, teachers who had recently acquired new technology found 
that the PET results agreed with their instinctive judgements and they felt the numerical output was 
valuable for communicating the potential value of the technologies under consideration between 
colleagues. Regarding the extent to which a predictive evaluation tool could be used by teachers, it 
was indicated in this study that the PET could be used effectively and in all technology acquisition 
decisions (both software and hardware tools) provided its use was judicious and the tool was a 
guide, a scaffold for the decision making: the PET is not an autonomous predictor, removing the 
teacher from the decision-making process. It could be used to ensure a thorough consideration of 
the factors had been made and could be a basis for communication of the potential value between 
colleagues. It was successful in highlighting potential areas of concern, which should be addressed 
before acquisition and use. The numerical output did in the trial agree with the experienced 
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teachers’ instinctive conclusions. However the numerical summary ignores any response the teacher 
assigned to the “Don’t know” category. Any such area needs further investigation and resolution 
before acquisition and use of the technology. Additionally, the PET has potential applications for 
the development of teachers’ professional learning – it was shown to enhance teachers’ evaluative 
skills as they used the tool. Also, the PET could be used as a probe for research into the professional 
learning of teachers – if teachers perform a “thinkaloud” protocol as they complete the PET it can 
reveal their current understandings of and attitudes and beliefs of technology use in science 
learning. 
6.7 Significance of findings 
I think technology has the potential to revolutionise the science classroom, but it also has the 
potential for schools to waste phenomenal amounts of money to no effect and in the process 
I guess, disillusion a whole generation of teachers who spend the money and then get 
frustrated and then go, “well I’ll just go back to my chalk and talk” (Teacher 7). 
This study aimed to find a model and practical tool for sustained (not discarded following an 
experimental period), educationally productive (the teaching and learning goals, be they academic 
and / or social, for the lesson are achieved and the technology has enabled or enhanced this) 
classroom learning (the emphasis is on co-located, teacher-led learning as opposed to distance 
learning mediated by technology. The location is not paramount: the learning could be happening in 
situ, for example on field trips). 
With the lack of accessed literature in this field, it would appear that this study is the first to 
report the technology commonly used in science classrooms. It is important to discover the real 
extent of technology use in classrooms at a time when there is increasing pressure from schools, 
curriculum and government to use technology in teaching and learning (Qualifications and 
Curriculum Authority, 2007). The literature has established the potential benefits of this and is 
reporting innovative projects using technologies, based on constructivist learning theory (such as 
the work of Resnick et al. (1996; Resnick, Ocko, & Papert, 1988)). However, data from this study 
found that the everyday classrooms primarily employ internet pages, and are not using technology 
in the manner reported in the innovative, authentic case studies in the literature: there was no 
evidence of Resnick et al’s (1996) ideas of developing computational thinking in middle school 
students by allowing them to investigate everyday phenomena arising from their curiosity of 
everyday life. 
Teachers were revealed to have diverse and “hit and miss” intuitive methods for choosing 
new technology, so it was important to provide research based guidance for evaluation. The 
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consequences of bad choices could be costly in terms of money, time and teacher demotivation as 
illustrated by Teacher 7’s quote at the beginning of this section. Although recent literature has been 
expounding on the benefits of technologies in teaching and learning it has not been productive in 
providing guidance to teachers for choosing technology. The PETTaL model aimed to identify all 
the situated factors that are significant when technology is used in science teaching and learning. No 
literature was found that connects the learners, the classroom and the power factors (syllabus, 
school governance etc.) to the use of technology in science classes. Similarly, there is no 
overarching model that draws upon educational theory combined with Human Computer Interaction 
theory (usability) to create a more informed, complete picture. Additionally, the PETTaL model 
addressed some criticisms of and omissions in existing educational models (Graham, 2011) such as 
the Mishra and Koehler’s TPACK model. 
6.8 Limitations and directions for further research 
This study proceeded in a series of steps, commencing with a survey to identify the 
technologies teachers are using in school science teaching, followed by interviews to gauge the 
approaches teachers take in choosing technologies. The interviews also were used to glean the 
factors that impact teachers’ use of technology in school science, that is, the barriers and enablers. 
Analysis of these data resulted in the development of a model to encapsulate these factors that then 
was used to inform the development of a tool for assisting teachers in making judicious choices of 
technologies for school science teaching and learning. 
The initial survey was completed by 75 teachers, but the majority of these teachers were 
present at a Science Teachers Conference. Whilst the data provided a snapshot of technology use in 
science classrooms, it is possibly of the more innovative and committed teachers. There is a need to 
broaden the survey’s geographic location and to obtain a statistically significant population, from 
which the findings could be generalised. However, even though survey respondents in this study are 
clearly those committed to attending science professional development on a weekend, data showed 
relatively unimaginative and limited use of technologies in school science. Results of this study are 
a wake-up call to delve into this issue further. 
It would have been interesting use the survey to discover further why teachers had 
investigated certain technologies but never used them in the classroom. The reasoning behind this 
was that survey instrument was designed to generate quantitative rather than qualitative data – it 
was envisaged that the qualitative data would be gathered during the interview phase. Therefore the 
items in the survey were closed questions, mostly requiring a multiple-choice pre-set response, that 
could be easily quantified. Whilst the interviewed teachers did discuss technologies they had 
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abandoned and for what reasons, with hindsight data could have been gathered from the survey to 
gain a broader picture of this issue. 
The PETTaL model was developed from grounded data obtained from nine Queensland 
metropolitan and suburban secondary science teachers. It needs further testing to determine whether 
the factors found are generalisable to any first world science classroom, indeed, first world 
classrooms of any subject, and to establish its level of comprehensiveness. Since the emphasis on 
investigation and working scientifically is significant in the various US and UK school science 
syllabi, it is proposed that the findings could be generalised to these educational systems and any 
other based on the US, UK or Australian models of science teaching. The PETTaL model and PET 
technology selection tool were derived in the context of science teaching and learning, but it is 
proposed that they could be generalised to the selection and use of technology in other curriculum 
subject areas, and this requires further investigation. It is proposed that the PETTaL model could be 
used as a scaffold for teacher reflection or lesson observation when determining the quality of 
(science) teaching and learning through using technology. The complexity of the “meatballs and 
spaghetti” in which all elements are linked and influence one another needs further investigation 
and development.  
The Predictive Evaluation Tool (PET) was tested with nine Queensland secondary science 
teachers: there was one classroom observation following the PET trial which confirmed the problem 
areas identified by the PET. It is possible that different results might be obtained with further 
testing. It was proposed that the PET could evaluate hardware and software equally and this was 
confirmed in the nine trials conducted, but it needs greater investigation and would be an area for 
further research. Similarly the numerical output of the PET needs more wide scale testing to verify 
both its weighting factor, and the correlation of the final numerical output with the teachers’ 
instinctive evaluation of the technology’s worth. More extensive usability studies could be 
conducted on the PET in the future. 
The current implementation of the PET was a spreadsheet that allowed the teacher to assign 
a rating and importance value to each item, and calculated section and final numerical totals based 
on these. Some data was obtained on the usability of the PET itself during testing, and changes were 
made to improve the usability in successive iterations during the development cycle. The intended 
final version would be hosted on a web site, with sections that would be hidden or revealed based 
on the type of equipment being evaluated, to avoid the lengthy process of reading 50 items. For 
instance, if a hardware item such as a datalogger were being evaluated the questions regarding the 
quality of the content would not appear. If the equipment did not use the school network these 
questions would not appear.  
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Additional areas for future work regarding the PET include investigating its use in 
developing the professional learning of teachers. During the think aloud protocol, teachers 
expressed that a greater understanding was developing of their analysis of technology as they 
encountered new areas to consider. The PET could potentially be a probe for research into a theory 
of teacher change regarding technology use in (science) teaching, as teachers’ understanding is 
exposed during a talk aloud protocol as they evaluate a new technology. 
6.9 Summary 
This study’s PETTaL model contributes to theory by extending Mishra and Koehler’s 
TPACK model (2006) in the following ways: it refines the definition of technological knowledge 
and introduces areas such as the affordances and usability of the technology, and teacher 
characteristics and beliefs, the learners, the environment and power factors. The PETTaL model 
offers a more comprehensive model for studying technology use in science teaching and learning, 
and can be used for predicting the likely success of a new technology in a particular setting, or to 
evaluate a lesson using technology. It is proposed that the PETTaL model could form the basis of a 
scaffold for lesson observation when determining the quality of (science) teaching and learning 
through using technology. 
This study addressed the problem arising from the lack of guidance available to science 
teachers when evaluating new technology for their classrooms. No research to date has identified 
what technologies are used by science teachers on a regular basis, but this study has revealed the 
technologies science teachers use frequently in their classroom teaching, 
The PETTaL model formed the basis of the Predictive Evaluation Tool (PET): a practical 
artefact (rather than the abstract, theoretical PETTaL model) which was intended to guide teachers 
through their evaluation process and to help them to identify new technology that was educationally 
productive and suited their epistemology, their students and their teaching environment and when 
tested with teachers, the PET results obtained by (experienced) teachers concurred with their 
instinctive evaluations. Teachers felt the PET would be a valuable tool when considering new 
technology, and it would be particularly useful as a means of communicating perceived value 
between colleagues and between budget holders and requestors during the acquisition process. It is 
hoped that the PET could make the tacit knowledge acquired by experienced teachers about 
technology use in classrooms explicit to novice teachers. Therefore, the outcomes of this study can 
aid a teacher in the process of selecting educationally productive and sustainable new technology 
for their science classrooms. 
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Although the PET was designed to be a diagnostic tool to aid (novice) teachers when 
evaluating a technology for the classroom, it additionally has potential applications as a tool for 
developing the professional learning of teachers, and also as a research tool – when teachers 
complete the PET using a “thinkaloud” protocol they reveal their present understanding and level of 
technology use in science teaching, and the results could be captured and used to diagnose areas of 
future professional development. 
The PETTaL model and PET technology selection tool were derived in the context of 
science teaching and learning, but it is proposed that they could be generalised to the selection and 
use of technology in other school curriculum areas. 
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Appendix B 
Tables describing the properties of the five entities in the PETTaL model and their 
dimensions. 
Category: Teacher 
Property Description / Significance Dimensions 
CK – Content 
knowledge 
The teacher’s knowledge of the subject (science) they are 
teaching (as Mishra & Koehler, 2006). 
Weak to strong 
PK – Pedagogical 
knowledge 
The teacher’s knowledge of pedagogy (as Mishra & Koehler, 
2006). 
Weak to strong 
TK – Technology 
knowledge 
Teacher’s knowledge of the operation of the technology (as 
Mishra & Koehler, 2006) but additionally this study defines: the 
teacher’s confidence and ability to learn, based on prior 
experience. 
Weak to strong 
PCK – Pedagogical 
content knowledge 
Teacher’s knowledge of how to teach the content (as Mishra & 
Koehler, 2006). 
Weak to strong 
TPK – Technological 
pedagogical 
knowledge 
Teacher’s knowledge of how to teach with the technology (as 
Mishra & Koehler, 2006). Identification of what guidance the 
students would need to use the technology. 
Weak to strong 
TCK - Technological 
content knowledge 
Teacher’s knowledge of how to develop the (science) concepts 
using technology (as Mishra & Koehler, 2006). 
Weak to strong 
TPACK – 
Technological, 
pedagogical and 
content knowledge 
Teacher’s knowledge of which technologies to use, and when 
and how to use them to develop science concepts.  
Weak to strong 
Confidence and ability 
to learn new 
technologies 
A teacher might not currently possess TK but based on their 
past experience with similar software / hardware and/or an 
interest and ability with learning new systems it would not be 
difficult to acquire the new knowledge. 
Weak to strong 
Relationships with 
colleagues 
Collegial support can compensate for gaps in TK.  Weak to strong 
Personal 
characteristics such 
leadership 
Innovators can be technopiles, early adopters. Have an interest 
in trying new technologies. 
Weak to Strong 
Influence in institution Will affect the ability to influence school policy (including 
departmental workplans) and access to facilities. 
Low to high 
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Category: Technology 
Property Description / Significance Dimensions 
Usability (ease of 
learning and use, good 
layout and feedback) 
Affects the teacher’s/students’ learning and use, and can hamper 
concept development if excessive time and attention is 
consumed by troubleshooting and learning operation of the 
technology. 
Bad to good 
Ease of setup for 
lesson 
Large setup time can be a deterrent to use, especially if the 
teacher has no support from a “laboratory assistant” or 
colleague. 
Difficult to easy 
Robustness Software: refers to crashing – time wasted in lesson – frustrated 
users. Hardware – fragility – breakage both can result in 
discontinued usage. Teachers can be apprehensive about use of 
delicate equipment with students who exhibit low behavioural 
standards. 
Low to high 
Ease of maintenance 
and acquisition of 
consumables 
Expensive maintenance / repairs or expensive consumables can 
result in discontinued use of equipment. 
Difficult to easy 
Ease of storage The technology needs have its parts co-located and be protected 
from breakage. This could be a property of the technology itself 
(cases provided by the manufacturer) or a property of the 
environment (organised storeroom). 
Difficult to easy 
Attractiveness Can enhance engagement with the technology which can be 
translated into increased learning. 
Low to high 
Ease of adaptability to 
class diversity 
Can be used with students having various learning styles, 
academic abilities, and genders. This leads to increased 
opportunities for use. 
Difficult to easy 
Versatility/ specificity A technology that can be used for different subjects/ teaching 
areas led to greater frequency of use. 
Low to high 
Frequency of use This was used in the “value for money” calculation before 
acquisition. 
Low to high 
Facility to aid 
development of 
science concepts 
Some technologies were engaging but did not aid development 
of subject knowledge – some conversely distracted students. 
Low to high 
Facility to encourage 
collaborative learning 
Teachers valued groupwork and the socioconstructivist learning 
– technologies that enabled this were valued (ability to facilitate 
was dependent upon teacher’s TPK) 
Low to high 
Facility to enable 
novel task experience 
Some technologies enabled experiences that could not be 
obtained in another way e.g., visualising at the atomic or 
galactic scales; manipulating nuclear power stations. 
Low to high 
Facility to connect to 
real-world (e.g., 
authentic work tool) 
Teachers and students were enthusiastic about “authentic” 
technology that would be used in the workplace e.g., by 
practising scientists. Teachers felt their students needed a 
technical literacy for future employment prospects. 
Low to high 
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Category: Learners (Class) 
Property Description / Significance Dimensions 
Academic ability This will determine the type of activities that can be undertaken 
e.g., low mathematical ability. 
Low to high 
Diversity of class The set of learners being taught are considered as a whole (i.e., 
the class), therefore large diversity will require several activities 
to prepared / different levels of scaffolding. 
Low to high 
Motivation to learn 
and attention span 
Students who are motivated to learn and have a long attention 
span tend to persist with more troublesome technology whereas 
others demand an easy to learn device. 
Low to high 
Initiative Students with initiative are keen to troubleshoot technical 
problems and take ownership – teacher is free to develop 
concepts rather than troubleshoot. 
Low to high 
Behaviour: Treatment 
of equipment (e.g. 
theft) 
The care the class exhibits towards equipment influences a 
teacher’s willingness to acquire and use a technology with them. 
Bad to good 
 
Category: Teaching Environment 
Property Description / Significance Dimensions 
Computer hardware 
(speed, storage 
capacity, portability) 
Low specifications can cause software to run too slowly or 
crash and be disruptive to T&L. 
Bad to good 
Network reliability and 
speed 
Similarly, slow or insufficient network connections can 
hamper work on the internet. 
Bad to good 
Diversity in versions 
of technology 
Different versions can have different operation (menus etc.) 
and be problematic when instructing the class or setting up 
the room. 
Low to high 
Room layout and 
configurability, facility 
for storage 
Lack of power sockets/ internet connectivity / visibility / 
ability to change configuration of seating can constrain 
activities. 
Bad to good 
IT support Lack of support in resolving technical issues with networks 
and computers can disrupt or cause lessons to be cancelled. 
Bad to good 
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 Category: Power factors 
Property Description / Significance Dimensions 
Specificity of syllabus The lower the specificity of the syllabus the more choice a 
teacher can have and freedom to innovate with new 
pedagogies and technologies. 
Specific to liberal 
Influence of school 
management and 
stakeholders (e.g., 
parents, governors) 
Teachers can be told to use or not use particular technologies 
by the school management / parents / governors. 
Low to high 
Access (physical 
access to rooms and 
licensing and 
permissions on PCs 
and networks) 
This includes physical access e.g., booking computer rooms 
for classes, access to hardware and software outside school 
hours for development; also software restrictions due to 
licencing or network restrictions. 
Restrictive to free 
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Appendix C 
Summary of evaluation criteria from literature and data 
Issue Source (all are present in 
PETTaL model) 
How effective is the technology at achieving the main lesson objective(s)? Salvas & Thomas (fit to 
syllabus) 
Will the activity fit within the timetable? Rawitsch 
To what extent does the technology support investigation? Microsift (problem solving) 
How good is it at encouraging groupwork and collaborative learning? Salvas & Thomas 
To what extent does it support skill practice and application? Microsift 
Does the information align with other teaching materials (e.g. styles for long 
division can vary) 
Microsift 
Does it have cultural conventions / references which suit the students (e.g. $ or 
pounds / miles / kilometers/ US spellings / refs to unfamiliar sports etc.) 
Rawitsch 
Is the information accurate, and the grammar / spelling correct? Rawitsch 
Is the information up-to-date (current)? OTA 
Is the information socially acceptable (no gender / racial stereotyping etc.) Rawitsch 
How appropriate are the explanations for the level of your intended group? Rawitsch 
How quick and easy did you find the (trial) setup? Interview 
How quick and easy will the technology be to setup for lessons (e.g. calibration 
/ checking batteries etc.) 
Interview 
Instruction manual - if consulted, were the topics easy to find and were 
instructions easy to understand and follow?  
Microsift 
How robust is the technology (are there obvious weak points which could be 
easily damaged through normal or accidental damage?) 
Interview 
Is the kit "ready to use"or do you need to acquire additional parts (e.g. power 
supplies / consumables)? 
Interview 
Consumables - if technology uses these (e.g. batteries / ink / chemicals etc.) 
how cheap and easy are they to obtain? 
Interview 
To what extent can minor repairs be done in school (or will the technology need 
to be "sent away")? 
Interview 
Storage - how easy is it to store all parts together compactly (for portability and 
general storage)? 
Interview 
If using a pc - how adequate are the school's computers to run the software? OTA 
If using internet connection - how adequately does your connection allow 
concurrent sessions at an acceptable speed? 
Interview 
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Issue Source (all are present in 
PETTaL model) 
How able are you to resolve network problems quickly (either using IT support 
or personal knowledge)? 
Interview 
Vendor support - how easy is it to get answers from the vendor (and how likely 
is it to be post-purchase)? 
Interview 
Room layout - how conduisive is the layout of the room to successful use of the 
technology (positions of desks / power sockets / computers )? 
Interview 
Does the technology require a certain behaviour / maturity, and how well does 
your intended class exhibit this? 
Interview 
Will the technology require troubleshooting by the students, and how much 
initiative is your intended class likely to show in this? 
Interview 
How likely is this technology to appeal to your students and engage / motivate 
them? 
Rawitsch 
Salvas & Thomas 
OTA 
How likely is the technology to appeal to both genders? Salvas & Thomas (suit 
variety of users) 
How likely will the task be accomplished within the attention span of the 
intended students? 
Rawitsch 
How likely are you to be able to teach using this technology after your usual 
prep. time, or is it likely to require many additional hours? 
Interview 
 
How sufficient is your current subject knowledge to teach this topic (e.g. 
programming skills for robotics)? 
Interview 
How easy is it to acquire PD to increase your subject knowledge? Interview 
How much value for money does this technology offer (is the cost reasonable 
for the value received)? 
Rawitsch 
In this version, the PET was translated to an electronic format, using a spreadsheet for ease 
of development of the prototype. Through testing, it was became apparent that many of the 
questions did not fit a 1 to 5 scale answer. Therefore the questions were rephrased as statements, so 
participants could respond with the Likert scale options of Strongly agree (5), somewhat agree (4), 
neutral (3), disagree (2) and strongly disagree (1). 
Item Rating Importance (personal) 
e.g., I can reolve network 
problems quickly (either 
using my own knowledge or 
IT support) 
5 Strongly agree 
4 Somewhat agree 
3 Neutral 
2 Disagree 
1 Strongly disagree 
Very important (weighting factor: x1.5) 
Somewhat important (weighting factor: x1) 
Not relevant (weighting factor: x0 – i.e. omits this 
item from the evaluation) 
Don’t know yet (weighting factor: x0 – omits) 
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Appendix D 
The Predictive Evaluation Tool (PET) 
Formative Questions 
 
Main items (rated by teacher on Likert scale of 1 – 5, with importance weighting assigned) 
Setup&and&maintenance&
I"found"the"initial"(trial)"setup&quick"and"easy."
""
Setup"before"the"lesson"(e.g."calibration"/"checking"batteries"etc.)"will"be"quick"and"easy."
""
The"instruction&manual"(if"consulted)"topics"were"easy"to"find,"and"the"instructions"were"easy"
to"understand"and"follow."
""
The"technology"is"robust&7&there"are"no"obvious"weak"points"which"could"be"easily"damaged"
through"normal"usage"or"accidents."
""
The"kit"is""ready"to"use""@"I"don't"need"to"acquire"additional"parts"(e.g."power"supplies"/"
consumables)."
""
Consumables"@"if"technology"uses"these"(e.g."batteries"/"ink"/"chemicals"etc.)"they"are"cheap"
and"easy"to"obtain."
""
Vendor&support&@"it"is"very"easy"to"communicate"and"obtain"support"and"answers"from"the"
vendor,"and"I"believe"this"will"continue"post@purchase."
""
Storage"@"it"is"easy"to"store"all"parts"together"compactly"(for"portability"and"storage)."
Section"score"for""
Usability&
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I"can&see"how"to"start"the"technology"and"use"the"controls"(e.g."on"/"off"switch";"pull/"push"/"
twist"turn"/"double"click)."
""
I"find"it"easy"to"physically"operate"the"controls."
""
I"get"a"response"to"my"actions"from"the"technology"(e.g."a"sound"/"message"/"new"screen)"
rather"than"I"press"a"button"and"it"does"nothing."
""
The"steps"to"perform"the"task"were"logical&/&intuitive"@"I"don't"have"to"memorise"the"steps"or"
consult"instructions"everytime"I"do"it."
""
The"layout"of"the"screen"is"pleasing"(e.g."font"is"easy"to"read"/"colour"scheme"is"pleasing"/"
screen"is"not"so"cluttered"that""it"makes"important"areas"difficult"to"identify)."
Section"score"for""
Teaching&support&materials&
Please&skip&this&section&if&there&are&no&teaching&support&materials&
The"lesson"plans"/"teaching"materials"are"appropriate"for"use"with"my"intended"group"
(considering"level,"tone"of"address,"reading"level,"students'"independence"of"working,"prior"
knowlegde"etc.)"
""
I"am"able"to"use"the"material"with"little"or"no"adaptation."
Section"score"for""
Suitability 
Suitability&for&intended&students&
My"intended"class"will"be"able"to"use"the"technology"safely."
""
The"literacy&/&numeracy&demands&suit"my"intended"group."
""
My"intended"class"will"show"inititative"in"troubleshooting"when"problems"occur."
""
The"technology"will"appeal"to"my"students"and"engage"/"motivate"them."
""
The"technology"will"suit"a"variety"of"different&ability&levels."
""
The"technology"will"appeal"to"both"genders."
""
The"task"is"likely"to"be"completed"within"the"attention&span"of"the"intended"students."
Section"score"for""
Suitability&for&experience&of&teacher&
I"am"likely"to"be"able"to"teach"a"lesson"with"this"technology"after"my"usual"amount"of"prep.&
time."
""
I"currently"have"sufficient"subject&knowledge"to""teach"this"topic"(e.g."programming"skills"for"
robotics)."
""
It"is"easy"for"me"to"obtain"PD"to"increase"my"subject"knowledge,"if"necessary."
Section"score"for""
Suitability&to&classroom&environment&
I"have"sufficient"access"to"the"technology"for"lesson"preparation"and"teaching."
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If"using"a"pc:"@""
I"have"adequate"access&to&pcs"for"teaching.""
The"school's"computers"are"adequate"to"run"the"technology."
""
If"using"internet&connection"@"the"school's"internet"connection"allows"concurrent"access"of"
sufficient"computers"at"an"adequate"speed."
""
I"can"resolve&network&problems&quickly&(either"using"my"own"knowledge"or"IT"support)."
""
The&layout&of&the&room&allows"successful"operation"of"the"technology&(positions"of"desks"/"
power"sockets"/"computers"/"light)."
""
Section"score"for""
Effectiveness 
Pedagogy&and&Student&Learning&
This&section&requires&you&to&envisage&a&lesson&and&the&activities&the&students&might&do&with&
the&technology.&You&can&skip&this&and&return&later&if&you&haven't&yet&considered&the&activities&
and&lesson&plan.&
""
The"technology"supports"investigation."
""
The"tasks"/"learning"can"relate"to"real&life"concepts"and"experiences."
""
The"technology"supports"groupwork"and"collaborative"learning."
""
The"technology"supports"student"reflection"on"meaning"and"encourages"deep"learning."
""
The"technology"can"stimulate"conversation"which"creates"or"negotiates"the"meaning"of"
subject"matter."
""
I"would"like"the"students"to"practise&skills"(e.g."multiplication)"using"this"technology,"and"I"
believe"it"will"help"develop"these"skills."
""
The&following&items&relate&to&Bloom's&Revised&Taxonomy:&
The"technology"supports"knowledge"recall."
""
The"technology"helps"the"students"develop"understanding&of"concepts."
""
The"technology"encourages"students"to"apply"the"knowledge"learnt"in"new"situations"
(knowledge&application)."
""
The"technology"helps"the"students"analyse."
""
The"technology"helps"the"students"to"develop"evaluation"/"critiquing&skills."
""
The"technology"enables"the"students"to"create&knowledge."
Section"score"for""
Lesson&objectives&and&Curriculum&
The"technology"will"be"effective"at"helping"to"achieve"the"main&science&objective(s)."
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""
The"technology"will"be"effective"at"supporting"curriculum&objectives"(e.g."ways"of"working"
etc)"
""
The"activity"will"fit"within"the"school's"normal"lesson"/"double"lesson"time"slot."
Section"score"for"""
Content&
&&
The"information"aligns"with"other"teaching"materials"I"am"using"(e.g."it"teaches"long"division"
with"the"same"layout"as"our"text"book)."
""
The"cultural&conventions"/"references"suit"my"students"(e.g."currency"symbols"/"metric"
measurements"/"references"to"sport"and"ways"of"living"etc."are"familiar"to"my"students)"
""
The"information"is"accurate&"(including"grammar"/"spelling)."
""
The"information"is"up7to7date"(current)."
""
The"information"is"socially&acceptable"(e.g."there"is"no"racial"/"gender"stereotyping)."
""
The"explanations"are"at"an"appropriate&level"for"my"intended"group."
""
The"information"is"presented"in"a"logical,"step"by"step"manner"and"scaffolds&learning."
""
The"technology"contributes&to&understanding"(rather"than"increasing"confusion)."
Section"score"for""
Value&
""
The"cost"of"the"technology"is"reasonable"for"the"overall"value"received"i.e."it"is"good"value&for&
money."
 
Summative open questions 
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Appendix E 
Example interview transcript: Teacher 8 
Interview notes: Teacher 8 is a female science teacher in a state high school. 
She graduated approximately five years ago. She is teaching a “laptop” class, so 
called because all students have purchased a school recommended and school 
configured laptop, which they can bring to each school lesson and also use at home. 
Her other classes are taught in conventional science labs, in which the students do not 
have access to pcs. Teacher 8 an early adopter of technology and is enthusiastic about 
its potential to enhance T&L. She is primarily evaluating the simulation software 
“Crocodile Clips” in this interview, but she also discusses many of the other 
technologies she uses in her science lessons.
0:22 - 0:34 1 
A lot of things you can download off the internet too like... but Easy Teach is a 2 
great piece of software. ‘Cause I can use my tablet – I can write and save 3 
everything from it just like I would use an interactive whiteboard and you can 4 
create. You can buy wireless attachment.  5 
The kids can do stuff too on it. I can annotate over the top and write all my 6 
lessons on it like that. You can move things around. It’s been a long process to 7 
learn how to write with the pen and playing... I used a mouse before I had this 8 
laptop – I always used to like to use my mouse Once I got used to this [I 9 
found] it was a lot easier. That probably only took me a couple of weeks to do. 10 
1:05 – 2:12 11 
But to learn to write appropriately – and some days I still have a bad day with 12 
it. I can write all the letters of the alphabet and it doesn’t have a problem 13 
recognising my writing. Some days I’m having a bad day, and I can’t focus on 14 
it... You can do character recognition with it as well. It talks as well – I love 15 
this – it reads the text on the page. Some of my kids find it amusing. ‘Cause 16 
they get their computers to talk back to me and we’ve had a whole debate once 17 
where we were all just using computers – we couldn’t talk – you could only 18 
write on the computer and let the computer speak for you. They thought it was 19 
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hilarious! They had to type it, so they had to think about their response before 20 
they gave the response to me and that was probably the best part for them. I 21 
use them with my grade 9s. 22 
When evaluating Easy Teach... at first I thought it was a bit difficult because 23 
we only had the interactive whiteboard and I thought great you can only use it 24 
with that piece of software then I got to use it myself and it was really good for 25 
doing tests. I’m still learning and you need time to play with it. We had a 26 
quick demo by a lady who went through it fairly quickly, but until you sit 27 
down and you use it and you create things it’s not really helpful. 28 
4:15 – 4:31 29 
There’s  two of us in the staff room who’ve got tablets, we went out and 30 
bought them ourselves it’s not school given, which makes it really difficult 31 
because therefore a lot of people don’t use these to teach. If they’re in there 32 
and they’ve got the board, they might use the board to write on but they don’t 33 
use it. It’s difficult – if you’ve got Easy Teach and you’ve got a normal mouse 34 
for this thing you can still open everything, you can still do it, it’s just that you 35 
can’t write easily – you’ve got to hold the mouse - it’s not natural – this is 36 
natural (pen).  You can get up, you can write you can move. You can save it – 37 
I can upload this to my Blackboard and the kids can get all the notes. So I’ve 38 
done the whole lesson using this – they’ve got Easy Teach Reader which is 39 
free to download and they get my entire lesson – I don’t have to rewrite it on 40 
Blackboard. I’ll show you Crocodile Clips. This is their cut down version 41 
they’re a bit more expensive, which allows you to play with it. I had seen it 42 
and heard about it and we’ve got Sunflower software – I don’t like it – I really 43 
don’t like it – I don’t find it user friendly. It limits the topics and the 44 
application of what you’re doing with it. So you don’t want to use it with 45 
classes – it’s like a one off use. They do electricity circuits – it’s the same as 46 
Crocodile but it’s lets user friendly. From what I’ve seen so far of Crocodile 47 
Clips, I find it easier to use. The animations are better the colours are better – 48 
visually it’s more stimulating to use and given that not all kids can access the 49 
computers all the time as a teacher it’s nice to have. You can show the kids – 50 
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with the titration one especially – I already had titration software but with this 51 
one it’s more simplified 52 
8:21 – 9:49 53 
I can show the kids what they’re doing and they can see the graphs as well. I 54 
show the skills for the titration first, so I talk about filling the burette and then 55 
I show them the titration on the computer so they can see adding the base to 56 
the acid, and you can see the indicator visually on the big screen. Then they do 57 
the prac themselves. So show the skills, show this is the way it’s meant to 58 
work, because otherwise they’ll do the practical, have no idea what’s 59 
happening, if it’s not working or they’ve made a mistake. But this way they 60 
can go back and say “What did I do wrong?” Just that instantaneous visual 61 
aspect is really good. It’s easy to fill – you fill it up and you know you have 60 62 
ml in there – you put the same amount in there – put the indicator in - that 63 
visual instantaneous aspect of it is good. 64 
13:34 – 14:26 65 
I do teach electricity in grade 10. The other advantage of having a simulation 66 
is you can go and create lessons from the simulation. Because light bulbs blow 67 
and demos don’t work and I find simulations better in showing kids how 68 
parallel and series circuits work. Because you don’t always get that visual 69 
effect with circuits you set up in the classroom. So I use both [real circuits and 70 
simulations] in parallel with each other. One you know it’s going to work – the 71 
other the kids are tactile, moving things around and they get a kick out of that 72 
and engagement is better with having to touch something rather than using it 73 
in an interactive like this. They don’t get the same engagement with doing an 74 
interactive. But they go, “Oh that’s how it’s meant to work!”  75 
14:25 – 14:46 76 
I take the kids into the computer lab and I get them to run the simulations. Or 77 
if a prac didn’t work, in the next lesson I’ll get it up [on the projector] and say 78 
this is how it’s meant to be – this is how it’s meant to work and here are some 79 
possible reasons why it didn’t. 80 
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15:37 – 16:23 81 
I never only use a simulation once, I always revisit it because sometimes the 82 
kids may not have got the concept the first time that I was showing them, and I 83 
come back and they go “Oh, that’s how it’s going to work and that’s what I’m 84 
going to do.” You don’t have to get all the practical equipment out again. You 85 
just go Click, and it works straight away, and you’ve got them back where 86 
they ended last lesson. 87 
16:34 88 
That’s the difficulty with that kind of software – you have to spend the time to 89 
go through it. So anything new if I know I’m going to use it consistently 90 
through the unit, I will spend half a lesson going through the software with the 91 
kids. I think the problems with Crocodile Clips will be The Home button – it 92 
doesn’t say Main Menu it’s just got a little house there. Moving forward and 93 
backwards and following all the steps through – some kids just want to click 94 
all the buttons. And if you don’t do it in the order they require it doesn’t allow 95 
you to do the next step. It seemed difficult to go back – once you’d made a 96 
mistake it seemed difficult to re-do it. They do need half a lesson with new 97 
software. 98 
I do use a lot of stuff from Curriculum Exchange and Learning Place 99 
Interactive. I downloaded them to CD because sometimes the internet is 100 
unreliable here. The kids open the clickable file – they go to index – I don’t 101 
need to tell them anymore they just put it in – go to index straightaway – by 102 
year 9. I can trust them – if I was away for a lesson I can say go to this folder 103 
and open this program. I don’t need to tell the supervising teacher they’re 104 
doing this program these are the steps... 105 
19:05 106 
The setup for this was unbelievably easy. Because it’s a free version, I’ll email 107 
the kids a link and they’ll download it to their computers as homework. Or 108 
they can do it in class. For me it’s easy because it’s a laptop group and they’ve 109 
all got their laptops. I didn’t see any issues with setup at all. But with the room 110 
it’s difficult because if I’m in a room without a projector I have to set up the 111 
  176 
projector, set my laptop up, my speakers up my tablet up, and by the time 112 
you’ve got that done... with a laptop class it’s not too bad because they’re 113 
setting up as well, but with a regular mainstream class it does make it difficult. 114 
So you need to have a task for them to do whilst you are setting up. You have 115 
to think about that task and how long it’s going to take you to set up this time, 116 
like if there’s a cord missing or the power cord’s gone. 117 
Crocodile Clips is quite good I know when you do purchase it they have 118 
backup support and upgrades and things like that. I’ve heard good things about 119 
it – it’s just that we don’t always have the money in the budget for it. That’s 120 
quite important - if something doesn’t work... like with Pasco if we have an 121 
issue with Pasco, I still don’t think we have someone to call – I do know the 122 
[person]? With calibrating – you can’t always find the information – you call 123 
and they say just check our website. 124 
Our storage is newly organised. Setup - it was easy – I downloaded 125 
 it one minute – I had it on and I was playing with it straight away. That for me 126 
is easy – whereas Pasco is difficult to set up and organise.   127 
23:22 128 
No – reaction to my actions – that’s probably the only thing – it doesn’t tell 129 
you you’re doing something wrong so you don’t know. If they can’t see a 130 
colour change – like with the titration I knew I had to run it for a while ... a kid 131 
that doing that for the first time they say “nothing’s happening...” Stepwise it’s 132 
easy – I love the layout the colours are great. The layout is central so it’s not 133 
all over the screen.  134 
24:00 135 
There were issues with the sound but other than that there were no issues with 136 
it. When I’m evaluating generally I look for things that are quick to set up, 137 
easy  to navigate that you can always go back to the central page -  that’s 138 
important – if I have to keep going Back back back back back I’m not going to 139 
use something. Whereas Crocodile Clips has that Home button – you can go 140 
straight back. That’s very important - so if I make a mistake and I want to 141 
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restart it is easy to do that. One thing it doesn’t do – I don’t think it saves what 142 
you have done but I think that’s because it’s the free version I haven’t 143 
investigated whether it can save. So it’s a work in progress. 144 
26:36 – 27:09 145 
I do worry with some of my grade 9s with some of the literacy aspects of that 146 
free version because it’s very wordy down the bottom - that might distract 147 
them. It’s a question of identifying these kids and helping them with the 148 
instructions. Some of these simulations they won’t do – I’ll do them – it just 149 
depends on what aspect and what level they’re at.  150 
26:24 151 
My kids are great at fixing problems. They are quite independent – or they’ll 152 
help each other. Like the computer’s not working – they’ll fix my computer! 153 
Engagement - that’s why colour is important to me. It’s good to have 154 
something the kids can see and activate.  The only big disadvantage is CC 155 
does not have sound. Some kids who are auditory kids need that Ding! You’ve 156 
done something right. They quite enjoy that! 157 
I think both genders would have no problem with this at all.  158 
They’re short five or ten minute simulations. The kids with the laptops 159 
probably have a bit more of an attention span than some of the other kids. 160 
Entry to the laptop program is chosen by the parents. They have to purchase 161 
the laptops and pay a maintenance fee every year.  162 
I actually think this reduces my prep time, because I don’t have to get the 163 
activities or demos prepared – it reduces my prep time. I always have my 164 
laptop on because we have to mark the roll on it and most of my lessons use 165 
the laptop anyway so there’s no difficulty using a software program. If it’s a 166 
datalogger it does increase my prep time. I like to play with this sort of stuff 167 
anyway so I don’t think it will be difficult to learn. I would say if I was using 168 
it for one thing it would increase the prep time, and this is the difference 169 
between Sunflower and Crocodile Clips: Crocodile Clips has more variety 170 
than Sunflower has and CC – their programs seem to work in a similar way 171 
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whereas each component of Sunflower has a different way of operation which 172 
requires more thought and that’s why it’s not as user friendly. 173 
We don’t really get PD at all – we just play with the software. We didn’t get 174 
anything for the Pasco dataloggers. We had an introduction of the thing. They 175 
all come to me to pick it up! It’s not fun for me! 176 
30:51 – 31:12 177 
I have my laptop and it’s on the internet, so I can have it anywhere. So I can 178 
be at home and play with it, with some of the dataloggers and programming 179 
you can’t access because they’re on the network. Every single staff member 180 
has their own laptop, so I have adequate access to my pc. The school itself 181 
isn’t adequate for all classes to do but it’s adequate for the laptop classes so 182 
they have the ability to get the software on their computer and not require the 183 
internet. The internet connection is not relevant for this software. Network 184 
issues are network issues... this room is actually quite good – because I have a 185 
power point here the kids need laptops to operate the TTT and they’ve got all 186 
of the cords here so I do carry extension cords and power boards in my laptop 187 
bag though! That’s probably the only difficulty in that case. 188 
I’ve been exploring ways of kids using stuff and not having to worry about 189 
things like that [network issues]. That’s why I try and get things on CD. I gave 190 
up on the internet – it drove me up the wall it’s not that it’s likely to go down 191 
but that board is only able to support 10 computers – I have 28 kids in my 192 
class so we’re tapping into other ones accidently and the kids get frustrated 193 
because they can’t access their computers and the internet. 194 
33:00 195 
It supports investigations but they can’t go too much forward from what’s on 196 
it though. It’s more of an independent task so groupwork isn’t an objective 197 
with this task. 198 
If kids didn’t understand something beforehand they can go back. I don’t 199 
know whether it encourages deep learning – I think it’s a skills learning at the 200 
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moment – I haven’t done it with the kids yet so I don’t know whether later I’ll 201 
want to take it further...  202 
It definitely helps the understanding of titration. I don’t think it’s an analysing 203 
tool. It’s not an evaluation tool. It definitely helps them create knowledge. I 204 
think any interactive like that enhances student learning. I believe it’s going to 205 
be effective in meeting the science objectives. It will meet the ways of 206 
working as well because the kids need to learn the skills and they will learn 207 
those skills. 208 
From what I’ve seen the information is accurate. I don’t have to worry about it 209 
being up to date. I’m not sure about the explanations at this point- they don’t 210 
do much explanation you just need to play with it – they don’t tend to explain 211 
it much – you do need some knowledge before you can explain it. The bottom 212 
ones explain it step by step. It’s reasonably step by step, but the problem is the 213 
kids might not. 214 
41:35 – 42:38 215 
The skill sets for the kids and their ability to learn from it – that it’s not just an 216 
enhancement activity that they are actually going to learn from it. I don’t like 217 
using things unless it’s a supplement to what they’re doing, ‘cause otherwise 218 
it’s more work for me and it’s more work for them for no additional effect. 219 
And any software should not be a one off thing so the kids get used to it. If it’s 220 
a one off thing which might be great – ooh it’s a food web, but then you can’t 221 
go back to it. Whereas software that’s got multiple aspects to it or multiple 222 
subject areas to it you can get the kids used to the software.  223 
42:40 – 43:49 224 
I think this would be useful when trialling - when companies allow you to trial 225 
equipment say for 30 days, you have a go at it, you play with it - I think it 226 
would be useful to have a trialling tool when you are evaluating equipment 227 
and that would justify spending 5 or 600 dollars on one piece of equipment. I 228 
would use it to justify to the purchaser. Because I could say I need this 229 
program and she would look at it and say no we can’t afford it or she would 230 
say we could buy these two programs for the price of your one. Now if that 231 
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one program was better than those two programs together – you might be 232 
wasting your money. 233 
I’m comparing it to Sunflower at the moment and I find it more user friendly – 234 
I can’t use Sunflower at home. It’s a network installation so I can’t use it at 235 
home so I have to do all my prep here. 236 
When I trial you just tend to use it and if you have nothing to justify why you 237 
should get it – and if the purchaser hasn’t trialled it – they don’t know what’s 238 
been considered and this would provide continuity that everyone has 239 
considered the same areas. 240 
